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This investigation attempted to examine the reletionship 
between malnutrition and rotardation of intellectual deveJopm~nt 
by comparing children drawn from the sa:ne fi.lmi1ie::o who ~:n:scnt.c:d 
v<nying degr.eos of protei.n-cc,J.orie mE::lnutTition during infancy. 
From each of 14 families 4 children ware drawn and assigned res-
pectively to the follou;ing groups: 
a) kwashicr!~or group cor:1posed of children who had been ad:r:i t.t£3d 
to hospital during the first 4 yeors of life for treatment 
of acute PC~1; 
b) kwashiorkor control group consisting of the neare<.;t s:Lb1ing 
in c:ge to the kwashiorkor chiJ.d having no history of ~iCLJte PCI'll; 
c) the fed group consisting of a later sibJ.ing in tho farnily in 
whom malnutrition had been prevented by supplemontary feeding 
during the first 3 years of life; and 
d) the fed control group consisting of the sibling in each family 
just preceding the child who was given supplementary feeding. 
A battery of psychologic;.:,J tGsts was administEred whrsn 'che :nmHi age 
in thr" l<tvashiorkor group was 13.0 years, and 8.9 ye;:u:s in the, fc::Jd 
group, with the tu.:o control Qr.oups taki.ng ini·,,rm8d5.ate positions. 
On mt')an full-scale intc:J.ligence 3CCJre the fed grc;up showed i:l si.g-
nific~ntly higher differenc8 (p less than 0.01) when comparsd with 
the other three groups. The sa~s trend was found for verb2! score, 
although the difference was not quite significant statistically. 
On non-verGal score the fed group was not significantly highor than 
j_ ts own controJ. group, but was signj_fice:ntl;; above tha kwc:shicr:!<or 
group ond kwashiorkor contro 1 groupo Tile f<3d control group l!Jas 
signifi6antly higher than the kwashiorkor group. 
Analysis of the sub-scale intelligence scores suggested thot 
whilst nutritional factors play an isportant part in the determina-
tion of the verbal score, an oqualJ.y important p~rt is played in 
the dctennination of the non-verbal score by medical c2re and en-
vironmsntal stimulotion. The sub-test results suggested a ~elation­
ship bot~een malnutrition ond c specific d2ficit in abstract reoson-
ing and J.earnin; abilities, b~t th~ conventional no3sures of 1brain 
damage' did not discriminate between the four groups. The deficit 
in intclloctual development appeared to be relot8d to tho durctian 
of chronic m2lnutrition rather than to the severity of the insult 
as indicated by an 3cute r::;:Jisade of kw<:;shi.orkar. 
The results ore discussed in terms of the failurs af compen-
satory educational rrogroms to provide sustained ele0ation in the 
IQ scores of under-privilogsd children, ond the suggestion is made 
that this failure could at least in part be attributed to the 
operation of nutrittonal factors •. 
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In a world in which population is increasing 2t an ennrmous 
rate, we find thet 50 - 70% of the popul~tion is inadequately nou-
rished. Furthermore, it is this very section of the populsti~n 
thzt is multiplying most rapidly. Several hundred thous;:o.nd chil-
dnm 2re born each day, the majority of whom will be e:·<;10sed to 
severe unce:rnutrition during their most forr.1ative years. In some 
areas only half will survive the period of childhood, and mal-
nutrition will be a major contributing cause of death in rnost of 
these children. Others will die of infectious diseoses which are 
reletively harmless in well-nourished populations, but which are 
fEJtal to children rendered vulnerable by undornutri tion (~inick, 
1970; MBnckebcrg, 1972). Ovsr the past 15 years a better unde~- · 
standing of the bio-chemical pathology of malnutrition hos resul-
ted in more effective treatment, ond s consequent pronounced .re-
duction in the mortali~y rate. However, over the same period 
evidence has been accumulating the:: t an i.nf2Jnt u;ho surv~L ves a 
period of severe malnutritibn .may be seriously handicapped not only 
in his physical development, b~t also in intellectuc;l dev~;lopmeni: .• 
This is ~ost likely if the nutritional insult occurs during the 
period of maximum brai~ growth (Dobbing, 1970). 
Several reviewers have called attention to the Bolf-perpetuat-
ing cycle which is set in motion, and which continues from generetion 
to generation rnith a spiral effsct (Cravioto, 1970; montagu, 1971; 
Birthi 1972) •. The malnourished child, dGveloping in a culture of 
poverty, is unable to acquire the skills and kno~ledge necessary 
for satisfactory adaptation to the increasiny complexities of 
modern society. He ra~ains poor for the rest of his life, and 
joins a large pool of survivors whose functional level is sub-
optimal and who become the victims of their own poor socio-
ec~nomic environment. It is likely that he will thoose a m2te 
from a similarly impoverished background, and his children will 
be born into and reared under the same conditions. The family 
does not have the resources to adequately nourish ~ new infant, 
who is at birth already at risk under the insult of maternal 
undernutrition during foetal life (Winick et ol., 1973). He in 
turn becomes seriously malnourished~ and i. f able to. survive, is 
handicapped in a way which may prevent him and his off-spring 
from extricating themselves from the plight of their parents. 
The culture of poverty contributes to the poverty of culturr~, 
and the condition of poverty is perpetuated and passed from one 
generation to the next. The 'genetic endowment is presumably. 
normal, but the environment prevents achievement of the genetic 
potential (montagu, 1971)8 A pool of such handicapped people 
not only exists but is increasing .in almost geometric proportions 
with the present day popuJ.CJtion explosion. The socio-economic 
implications are obvious - th~ section of the population ~hich 
c~ntributes least to its own and society's maintenance and develop-
ment is on the increase both by proportion and in gross n~mber. 
_D.S.Ul:!.lf~G THE LI fl!ITS CF fnAUIIUTRITJ.Q .. ri: 
In its most specific sense, malnutr-ition refers to a broad 
2 I 
clinical spectrum of nutritional disease referred·to as protein-
calorie malnutrition (PCM). The opposite ends of the continuum 
are represented by kwashiorkor and marasmus respectively, the 
calorie deficiency in kwashiorkor being not as severe as the pro-
tein deficiency. The majority of cases of PCM do not show either 
the pure syndromes of kwashiorkor or marasmus; they pre<Oent a 
mixed picture and occupy an intermediate position cin the PCM 
spectrum, the typical di3gnosis being thst of marasmic-kwashiorkor. 
3./ 
Whilst the nutritional aetiology of PCfrl is of paramount im-
portance in the development of tile syndrome, it is clear that 8. J 
complex of interrelated non-nutritive factors contributes signifi-
cantly to its occurrence. In general the synergism of malnutrition 
and infection is well recognised. Because of poverty, tradition, 
or lack of parental understanding, the quantity and/or quality of 
the food available to the child is marginal or at best inadequate. 
Since the physical environment is unsatisfactory, the child suffers 
from repeated and, often, almost continuous episodes of infection. 
Illness decreases his appetite and undernutrition itself contributes 
to anorexia. Malnutrition renders him more susceptible to a variaty 
of infections and ther~ is again vicious cycle which accentuates his 
already precarious nutritional state. Added to this is a frequent 
lack of timely and appropriate therapeutic intervention, and the 
illness is prolonged and severe. Finally because the child is ill 
a large proportion of the time he has little opportunity to learn 1 J 
and may miss out on critical periods for the development of various 
motor and cognitive skills (Hegsted, 1972). Psychological and 
intellectual stimuli in his onvironnent are minimal, and whether 
or not permanent intellectual disnbilities are imposed by mal-
nutrition por_§_q:_ or by the impoverishment of non-nutritive stimuli/ 
is at present an unanswered question. 
Emphasis on the relative importance of the various contri-
butory factors to the PCm syndrome has passed through various 
phases since the nutritional aetiology was realised in the 1940s. 
Recognition of the nutritional aetiology was naturally followed 
by a preoccupation with the nutritional factors, and led to th~ 
postulation of a direci causal relationship between nutritional 
deficit and the sequelae of physical retardation and intellectual 
dysfunction (Stach and Smythe, 1963, 1967; mBnckeberg, 1968). 
Most authors begin by discussing 1deprivation 1 but end up refer-
ring only to malnutrition. Cravioto (1970) still questions any 
emotional basis for the behavioural regression and apathy which 
is a constant feature of the clinical syndrome; and regards con-
sideration of these as a distraction to research progress. How-
ever there appears now to be a tendency among workers in the field· 
towards a more balanced recognition of the interrelationship be-
tween nutritive and non-nutritive factors in the aetiology of a 
I 
wide syndrome of cultural deprivation in which_malnutrition is but J 
one aspect coinciding with a l8ck of usual middle-class benefits. 
This awareness probably arises out of the difficulties in control-
ling the non-nutritive variables expBrienced by all attempts to 
study the problem in human po~ulations. For example, M~nckeberg 
who in 1968 wrote with a degree of certainty that permanent brain 
damage results from early malnutrition, states in 1972 that 
111 t is obvious that tile mental and motor retardation observed in / 
this under-privileged group is not only due to nutritional factors 
but perhaps to many others, i.e., cultural, educational and socio-
ecunomic that affect the intelligence and developmental capacity 
of the child. 11 (fill.lnckeberg~ 1972). 
Except in the instancas of cystic fibrosis, coeliac disease / 
and other malabsorption syndiomes, malnutritio~ never exists as an 
isolated problem. Its co-existence with other debilitating social 
and environmental factors is now well recognised. The relative 
aetiological significance of non-nutritive factors in the develop-
ment of the syndrome is emphasised by Hepner and maiden in the con-
clusion of their report on under-privileged children as follows: 
"An organised, functioning maternal - child relationship promotes 
normal nutrition even with the rigors and handicaps of poor diet 
and welfare existence in the slum, and ••• a disorganised, poorly 
functioning maternal - child relationship negates the advantages 
s/ 
of adequate nutrient intake to the vulnerable .rapidly growing. child 11 
(quoted by Hegsted, 1972). This statement harks back. to the original 
descr:ip:,ion of the causes of kwashior:kor given by Cecily Williams 
which includ~d not only the los~ of the mother's milk, but the loss 
of the mother herself. The name kwashiorkor meaning 'displaced 
child', which she gave to the syndrome 9 speaks for itself (Trowell, 
Davies and DeanJ 1954). 
In an invesiigation of the factors related to the ~etiology of 
undernutrition, Chase and Martin (1970) found a significant relation-
shi~ between parental separation during pregnancy or soon after birth 
and undernutrition in the child. These authors suggest that the term 
'psycho-nutritional d8privation 1 could be used for the syndroma 
in which rejection of the child may be an important aetiological 
factor. Again Gopalan (1968) failed to clr:?.lnonstrate a significant./ 
difference in the diets consumed by children who subsequently de~ 
veloped kwashiorkor or marasmus and those who di.d not. The sup-
position that kwashiorkor results from a restriction in total 
caloric supply is probably an over-simplification of a complex ~ 
situation, and the development of marasmus on the basis of ana-
clitic depression in institutionalised infants has received ample 
documentation by Spitz, Gbldfarb, Levy, Ribble~ Bowlby, and Dennis, 
and was reviewed by Yarrow in 1961. Bakwin (1949) and Talbot 
(1963) found the evidence conclusive for emotional and stimulus/ 
deprivation as causes of infants' failure to thrive, and grow 
and develop normally in childhoodo Senn (1961) recoQnises that 
the absence of individual personalised nurture has the effect of/ 
a disease. 'The·studies of Powell~ Brasel and Blizzard (1967) 
demonstrated growth retardation closely resembling idiopathic 
hypopituitarism as a consequence of emotional and social deprivation., 
Even here however it is necessary to heed the warning of Whitten 
et al., whose study of the relationship between emotional deprivation 
and growth failure indicated that the parents 1 parception of the diett/' 
fed to their children at home uas not always acc'urate. The children 
were thus underfed as well as unloved; "the mothers' affects were so 
consumed by the emotional or social proGlems that they had not accu-
rately pe:rcei ved what they usually offered the.i r infants • 11 The per-
ceptual distortion is not Lnlike that found in anorexia nervosa. 
(Nutr~ Rev., 1970). 
7/ 
A view point similar to that oF Chase and martin is expressed ~ 
by montagu (1971) who proposes the term 1socio-genatic brain damage' 
for the functional expressions in the terms of deficits in behoviour, 
learning ability and intelligence~ of a syndrome characterised by 
maternal and infantile malnutrition, social deprivation and finally, 
damage to genetic potential of ensuing generations. 
UJHY STUDY fnAL NUTRI_1J_Of'~_.q_fill._l£H~LL ECTUI~ L D§;_V ELOPmlJ'li.? 
Fro~ the foregoing a connection is apparent between concoptions 
concerning the aetiology .of the syndrome of deprivation and the pos-
tulation of its effects. Those who see malnutrition as the rnost 
important factor in the aetiology of the syndrome tond to postulate 
malnutrition as the direct cause of the physical and ihtellectual 
deficits demonstrated in it~ victims. Those who give equal weight 
to undesirable emotional and social factors in the aetiology of 
the total deprivation syndrome recognise the relative importance 
of lack of adequate social~ emotional and environmental stimulation 
in the production of cognitive deficits. Questions n=:lating to the v/ 
value of attempting to separate the relative strengths of the various 
contributory factors may be.raised. 
The first concern in studying the relationship between malnutri-
tion and intellectual development is its implication for prevention 
and treatment. If malnutrition as such is the single must import3nt 
causative factor in the deveJ.opment of cogni tivr,; deficits in under--
privileged popul~tions, then a relatively simple solution to a wide 
spread problem of enormous consequence wouJ.d be provided in large 
scale dietary supplementation. One reviewer comments on this aspect 
of the problem as follows: 
"If we are to know whether diotary deficiencies 
£E..r se are the cause of sub.sequent poor mental 
performance, then studies will have to be con-
ducted which will separate the nutritional var-
iable frorn genatic factors and from many environ-
mental variables. High priority should be given 
to research of this kind because tho results have 
great practical importance for under-privileged 
people everywhere. 11 (Nutr. Rev.? 1969). 
mBnckeberg (1972) is pessi.mistic about achieving this: 
HBecause human malnutrition is nBIIer an isolst.ed / 
problem, it is almost impossib~ to analyse sep-
arately the importance of each factor and thus ob-
tain a definitive~ clear cut answer. The import-
ant thing seems to be, not so much to know one me-
chanism that produces psychological retardation 
in the lower socio-economic groupy but the f<.-:;ct 
that this situation exists and that it interf9res 
severely with the individual's development end 
therefore upon society's development~~~ 
In 1969 Jensen stirred a controversy by suggesting that the 
failure of compensatory education progra!Tlmes in reducing tha 
achievement gap between disadvantaged ('majority') children and 
middle-class ('minority') pupils was predictable on the basis of 
genetic, racial differences in intelligence (JansEn, 1969; Ey~enck~ 
1971). The role of nutrition in the production of the phenotype 
may have been underestimated in the past; perhaps the benefits of 
compensatory education could be rendered more stable and permanent 
if combined with more adequate nutrition. 
Academic conce~ns also justify any attempt to single out the 
variables. It has often been stated that the value of any theory 
8/ 
lies not so much in whether it is valid or invalid, but in the amount 
of research that it stimulates and generates. Another reviewer com-
ments on this aspect of the problem as follows: 
* "Research workers should ••e ba concerned'about the/ 
false assur~ptions that are mac!e which indicate that 
all the facts are kno~n regarding the relationship 
of malnutrition to mental development. This could I 
stifle or preclude the necessary research being un-
dertaken which will help on sti many difficult ques-
tions. There is cleirly still a need for compre-
hensive longitudinal studies using a variety of 
strategies before we can really estimate the role 
of dietary deficiencies eer se in the retardation 
of intellectual dev(.'Jlopment of chj_ldren." 
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( Nu t r • Rev • , 19 71 ) • 
Research in this field has already resulted in a large body of 
information about tha normal bio-chemical and morphological de-
velopment of the central nervouseystem in man and several animal 
species. Furthermore there is at present a large group of men-· 
tally retarded children whose condition is 'without known aetiology'. 
Present and future studies may well provide insight and clarification 
of aetiology leading to more effective treatment and prevention. 
Only fifty ye_rs ago phenylketonuria was an untrsntabls and un-
preventable cause of severe mental subnormality. 
The whole field 6f mental subnormality and 'brain damage' re-
. . 
presents common grouhd for the disciplines of psychology, psychiatry, 
neurology and paediatrics. In such multi-disciplinary areas of studys 
progress is fostered by mutual interdependence and contributions from 
any single discipline have beneficial effects on inter-disciplinary 
relationships and enrich the entire field. Within the discipline of 
psychology alone, as in o fu:r human sciences r- the reciprocal relation-
ship between the experimentalist and the clinician through mutual 
in~olvement in a common research area contributes to the ~evslopment 
~nd progress of the science. Theories tested in the laboratory can 
10/ 
be applied in the field, and those developed from direct observa-
tion in the field can be tested in the laboratory. In trds way 
unwarranted inter-species extrapolation can be minimised. 
Current world-wirJe research in the field of malnutri tiun and 
intellectual development addresses itself to the problem of whether 
the association between protein-colorie malnutrition in early child-
hood and subsequent retardation in intellectual development is one 
of direct cause and effect. If the findings pr.ovr-:J to be positive ,j 
it will be important to know at what age malnutrition has its most 
disturbing effect, and what degree of malnutrition in terms of du-
ration and severity results in intellectual retardation. The rs-
sults of this study will hopefully contribute towards the formula-
tion of answers to these questions. 
CHAPTER_ 2 
Hum;:;:\! STUDIES OF BRAPJ FUi'JCTH!i~ HJ f·!UTRITlQi'·!0.L DEPFiiV!,,Tio;·J 
! 
I ' . 
lJ. 
Hypotheses considering an association between early infantile 
malnutrition and later impairment of intellectual development and 
function have two sources of origin. Firstlyy even the earliest 
descriptions of kwashiorkor laid stress on symptoms of central 
nervous system dysfunction during the acute stage of the disease. 
The descriptions typically include apathy, misery, peevishness, 
1 lethargy and anorexia. Improve~ent in the child's mental state 
.I 
has long been considered a favourable prognostic sign, and is 
gen~rally regarded as the turning point in the course of the 
illness. This observation has been strengthened by reports of 
generalised EEG dysrhythmia during the Dcute stage of the illness 
suggesting an encephalopathy, and persistence of focal dysrhythmia 
long after recovery (Engel, 1956; Nelson, 1959; 1963). 
The second sour~:e from which these hypotheses derive is the 
t. accumulation of animal experimental evidence for reduction of total 
brain size as consequence of the occurrence of malnutrition during 
the period of maximum brain growth. For a long time it was accept-
ed on the basis of evidence available from animals studies that 
post-natal nutritional deprivation th2t led to an appreciable re-
\. 
duction in the weight of the body and most of its organs, 1 spared 1 
t~e brain in the sanse that its weight and chemical composition 
remained unaffected (Donaldson, 1911). The idea of 1sparing 1 of 
the br~in has gradually been questioned on the supposition that in 
.. ~ 
·---
terms of physical development, the brain and central nervous sys-
tem is not uniquely different from any other organ or system and 
is likely to fo.Uow a biologically comparable sequential develop-
ment. Ab~ndant evidence indicates a reduction in rhysical develop-
ment in terms of final body site as a consequence of malnutrition 
imposed during the developmental process, and this could logically 
apply to the brain also. Human studies over the past decade have 
therefore sought evidence of impairment of intellectual function 
as an expression of reduced brain size or of structural damage 
related to previous nutritional insult. Some of these studiss 
have correlated head circumferences as an index of brain size with 
IQ as an index of brsin function. 
The relationship between physical growth and intellectual 
development was reviewed in 1930 by Patterson. A relationship 
between height and intalligence has since been generally accepted 
(Tanner, 1966). Fourteen years later Kugelmass) Paull and Samuel 
(i944) made a clear formulation of the relationship between mal-
nutrition and intellectual function, suggesting a difference bet-
ween the reversible effects of temporary starvation and possible 
permanent retarding effects of ma1nutri tion whereby anatomic and 
biochemical lesions are produced. These authors analysed the 
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effects of nutritional improvement ~n psychological test performance 
in 182 children, aged 2 - 9 years. One half of the .ssmple tuere 
institutionalised, and the sample was divided into two groups each 
consisting of 50 normal and 41 mentally retarded children. One group 
was malnourishec at the time of first testing but well nourished at 
initial and final testing. The groups were equated for chronological 
agef IQ and inter\/a1 between f<~hlmsn-Binet or Stanford-·Binet tests. 
In the previow:;ly malnour:ish:_d :;roup c.n average in:pr.ovement of lO 
points for retarded c:hiJ.d:ren and J.8 points for normal children \.'JClS 
noted, while no change was found in the initially well-nourished 
group. A correlation was found between age at first testing and 
IQ rise: the younger the malnourished child when treatment was 
instituted the greater the chance of improvement. A sharp decline 
in the improvement of I Q was found when treatment began after the 
age of 4 years, suggesting that irreparable ~amage had occurred. 
The flexibility of IQ change before this age and the relative lack 
of IQ change in the older children denotes irreversibility in men-
tal development following prolonged m~lnutrition. 
The resurgence of research interest in the relation of nutri-
tional factors to int~lligence and learning over the past decade 
is a reflection of the fact thc.t, whilst malnutrition remains a 
major world public health problem, its most significant consequence 
is no longer death but the survival of massive populations of i:1-
, ., 
.t.J 
tellectually handicapped subjects. The socio-economic and political 
implications have already been discussed. One reviewer goes so far 
as to suggest that whereas physical stunting of growth is not un-
desirable because subsequent nutritional needs are reduced without 
apparent reduction in adult physical function, and death of pre-
school children due to malnutrition is the most widely used method 
of population control, the possibility that malnutrition in child-
hood has lasting effects on human ment3l potential would call for 
a re-assessment of economic priorities in that nutrition progtammes 










the creation of a more adaptive and capable work force (Klein 
et al., 1971). 
FIELD STUDIES: 
The pioneering and most frequently cited field study was semi-
longitudinal and begun by Stach and Smythe in Cape Town in 1955. 
The authors selected 20 of the most grossly undernourished (maras-
mic} Cape Coloured children that could be found. airth weights were 
said to have been normal ap<nt from 3 children who were belotu 2.5 kg. 
The subjects were matched for age and se~ with 26 children whose 
early nutrition had been supervised in a creche. The groups were 
comparable in respect of parental intelligence, but there was a very 
marked disparity in their living conditions: ttalcoholism, iJ.J.egi-
tamacy anci broken homes were the rule in the undernourished ~Jroupt 
whereas the control group lived under more stable home conditions. 
Only six of the parents af the undernourished group were gainfully 
employed.~ Intelligence~ head circumference, height and weight were 
recorded ~pproximately every two years. Significant differences on 
all these variables were .found consistently through to the 11th 
year of follow up reported in 1968. The authors regard the reduced 
head circumference together with the defects of visuo-motor and pa~· 
tern petception on the non-verbal sub-tests as evidence that lower 
intelligence scoros in the undernourished group may be due to organic 
brain damage :resulting from gross unclernut ri ti on in early infancy. 
A follow up study of marasmic children in Yugoslavia was reported 
by Cabak and Najdanvic in 1965. The children had been admitted to 
hospital for marasmuG betweGn the ages of 4 and 24 months of C!C)f:i durir1g 
f··-
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the years 1951 - 1957. Chronic diseases of the CNS and tuberculosis 
were excluded, and no child was more than 73% of the expected weight 
at the time of admission to hospital. One-third of the group had 
parents u1ho were a:r·m~' officers or in. the professions; the r.·est were 
children of skilled or unskilled workers living in an urban area. 
Thirty-six children aged 7 - 14 ye~rs were tested on an adapted 
Binet-Simon scale. Fifty percent of tha group scored within the 
'normal' limits of ~1- 110. One-third scored in the 'below normal' 
range of 71 - 90, and the remaining 6 children had IQ scores of 70 
or below. Thus half the group were below the limits of normal in-
telligence and the difference between the number of children having 
normal and sub-normal intelligence was significant. No local stan-
dards for the dispersion of IQ were availables so the results were 
compared with those of Serbian children, of whom 21% were below 
normal intelligence as against SO% of the undernourished group; 
and 32% of Serbian children were above the range of the undernourished 
group. The mean IQ of the undernourished group was 88, compared 
with a mean of 93 for children from families of 'non-qualified' 
workers. The undernourished group did not differ significantly in 
height or weight from the local healthy school children. No corre-
lation was found between the age of illness and the subsequent IQ, 
but there was a correlation between the deficit in the expected 
weight for age on original admission and subsequent test performance. 
A similar study on Indonesian children reports comparable results 
in 1967 {liang, et al. j .1957). The subjects r·anged in age from 5 - 12 
years and. were from families of. the lower socio-economic level, living 
in rural surroundings. Of the 107 children in the sample, 46 had bssn 
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classified as malnourished during an earlier investigation in 
1957 - 1959; of these, 17 had shown in addition symptoms of 
Vitamin A deficiency. The remaining children were regarded as 
healthy. Intelligence quotient was assessed using the WISC and 
the Goodenough technique •. It was found that children's intellec-
tual development, as well as their physical development, could 
be predicted with a high degree of accuracy on the basis of their 
nutritional status during. the pre-school years. The lowest IQ 
values were found in children who had been malnourished and had 
shown clinical signs of Vitamin A deficiency during the 2 - 4 
year age period, and the higher scores were attained in those 
who had never been diagnosed as malnourished. The average IQ 
for the whole sample was low on both tests, the scores on the 
WISC and Goodenough being 75 and 77 respectively. The coefficient 
of correlation between the two tests was 0.58. There were 10 cases 
where the Goodenough score was more than 10 points lower than the 
WISC score, and 13 cases with the revers~ situation. When the 
results were analysed with reference to nutritional st3tus at 
the time of testing there was a good correlation between I .Q. and 
clinical condition. The group rated 'poor' was much ~elow the 
group rated 'fair'; the mean IQ for the 'satisfactory' group was 
the highest but was not statistically different from the 1fair 1 
group. Analysis of the data with reference to expected height· 
for age revealed a 12 point difference on the Goodenough test in 
favour of the children above the 95th percentile of the Indonesian 
standard. There was little vari2tion in IQ up to the 95th percen-
tile of sta~dard weight, but above that w~ight were a significantly 
\ 
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larger number of chiJ.dren with IQ above 90 on the Goodenough test. 
There was a significant difference in the average score cf the groups 
below and above the 95th percentile of standard weight in both UJISC 
and Goodenough tests. A more significant diffe~ence was observed 
if the children were grouped according to their weight in 1957 - 1959. 
At the time one-third of the children UJere at expected weight for 
age, and this group was an average of 14 IQ points higher than those 
who were below their expected ~eight for age ai the beginning of 
the study. EEGs were performed on 43 children and no relation be-
tween EEG and nutritional condition was found. Thirty per cent 
of the t:Jtal had a mildly abnormal pattern, but the proportion 
was no higher in thG malnourished than in the healthy children. 
Perhaps the most complete studies ·were those that have emanated 
from Cravioto and co-workers in mexico since 1960 (Cravioto and 
Robles, 1965). Reports by Gaber and Dean in Uganda, Barrera-moncada 
in Venezuela and Robles in mexico all indicated that undernourished 
children tested with tt-e Gesell scales showed a m2rked retardation 
ih all four areas of behaviour sampled by the technique. A fur-
ther study by Barrera-moncada showed that intelligence tests given 
2 years after ~ischarge to 20 rehabilit~ted cases who were all older 
than 2 years 10 months at the time of admission showed normal IQ 
scores. On the basis of these findings Cravioto an~ co-workers 
hypothesised that the effect of severe malnutrition on the mental 
development of human infants would vary as a function of the period 
of life at which malnutrition was experienced. To test this hypo-
thesis all severely malnourished children admitted tot he nutrition 
ward of the Hbspi tal Infanti .l de rnexico during 1959 were studied. 
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Twenty infants hospitalised for severe PCfi! tJJere ·examined on the 
Gesell scale every two weeks during treatment and rehabilitation. 
On the first examiric:tion, conducted just after the acute eh;ct:r·olyb? 
disturbance and infectious processes had been corrected, all infants 
scored considerably below age norms. During r-ehabilitation 14 chi.l-· 
dren who had been admittad for treatment between 15 and 42 months of 
age came progressively closer to age expectation. HoUJever, the 
developmental deficit shown on admission by the 6 infants whose mal-
nutrition led to hospitalisation before the age of 6 months was 
still present after complete nutritional rehabilitation. Cravioto 
(1970) also quotes unpublished data of Brockman and Ric~Jti who 
studied cognitive functioning in a group of 20 Pe:cuvi.c:.n children 
aged 12 - 42 months who had been hospitalised because of severe 
marasmus when they were between 2t and 42 months of age. The test 
performance of the infants recovered from malnutrition was signifi-
cantly below that of a control group of children who had no history 
of severe malnutrition and who were taller than the childrGn re-
covered from severe marasmus. Further evidence cited is from a study 
by Pollitt and Grenoff who compared 19 marasmic children and 8 sib-
lings on the Bayley Infant Scales of mental and motor Development. 
All were below 3 years of age at the time of study and the siblings 
were of similar age but with weights, heights and head circurnferencs 
within normal limits. It was found that while the siblings were 
developing according to age expectations, 17 of the 19 childrsn 
recovered from marasmus had severe mental and motor retardation. 
Cravioto (1970) derives the general conclusion fr~m these 
studies thc:t 11 protcin c2lorie malnutrition ~Jccur'l'ing in the first 
year of life, if severe enough to :ne:rkadly retard physical growth and 
to force the infant to be admitted to 2 hospitcl, may have adverse 
effects of menta 1 development. If the duration of the untreated epi·· 
soda is longer than 4 months, particularly during the first months of 
_, 
life, the effects on m~mtal perfc nnance fTla)'. be so intense th2lt it will 
produce severe fl:en-t:Jl ret:n·dation incompletely corrected by nutr:i.'cion--
al rehabilitation.u In subsequent studies Crav:Loto (1970) cornp2.:ced 
children who had been hospitalised bec3use of severe malnutrition 
before the age of 30 months with the sibling closest :Ln oge to the 
index case. Viewing thD hum.:m ar:gGnism ::.:s an agent that processGs 
information; and recognising the importance of learning to read nnd 
write, and that these skills are dependant on an adequate development 
of auditory-visual and ~isual-kinesthetic intersensory integrDticn~ 
Cravioto studied these functions according to the techniques of 
Birth <md Belmont rather than mald.ng use cJf conventional tests of 
intellectual func t:i.on. Tho functions of intersensory integration 
had the additional acJvantage of showing clear-cut developmental 
cause in normal children during the first school ye3rs. The group 
was stratefied according to social class into hiyh, middle, and 
low urban class, and rural low class. On auditory-visual integra-
tion the siblings in the - b .11 ld 1-::JW ur an soc~~'- c. LJSs 1a scor2s below 
those corrsspon~in9 with children of the same age but of a better 
socio-econo~ic condition. Tho imptovoment in 2U~itory-visual 
competence with age was obvious for ~11 socicl classes ond for 
rural and urban environments. t.lJlien thE: performance 
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age by age of siblings and index cases was compared, it became 
apparent that children recovered from severe malnutrition were 
well below their siblings, thus scoring well below their expected 
values for their class. Equivalent results were obtained in a 
study of visuo-kinesth~tic intersensory integration. 
In 1966 Cravioto and associates published the results of a 
study in Mexico which related height to inter-sensory organi~ation 
(Cravioto, Delicardie and Birch, 1966). A cross-sectional study 
was carried out on all primary school children aged 6 - 11 years 
living in a rural village of Guatemalia. malnutrition was defined 
.retrospectively on the basis of height for age: a child who show-
ed significc:•nt diminution of stature relative to his age in the 
total village population was assumed to have an increased likeli-
hood of having been at risk of early malnutrition. In this way 
an experimental group was identified representing the lowest 
I 
quartile of the height distribution and was compared with the 
group consisting of all children in the tallest quartile for age. 
Information on the stature of the parents of both groupE was ob-
tained to control for genetic factors. A second control sample 
drawn from an upper class urban population was selected ·consist-
ing of children of the same age who exhibited the equivalent 
differences in height but who had little or no .like1ihood of 
ever having been at nutritional risk. Broad details on the social, 
economic and educational state of all families was collected. For 
the rural children a difference in height was accompanied by a 
difference in the inter-sensory integrative ability. This relation-
ship was not found in the upper class urban sample. The authors 
discussed the findings in terms of two possible ~chemes, viz., 
l) that both inter-sensory development and malnutrition arise 
out of social impoverishme~t where poor stature is an ihcidental 
sequel to the malnutrition, and 2) that both poor inter-sensory 
development and low stature are sequelae of malnutrition, itself 
arising out of poor s6cial conditions. On the basis that poor 
inter-sensory functions and low stature were not significantly 
associated with adverse social conditions, the authors favour 
the second scheme, thus relating reduced inter-sensory ability 
directly to the possibility of eDrly malnutrition as guaged by 
reduced height for age. 
The Wechsler Intelligence Scale for Children in its Mexican 
form was administered to 37 index cases and 37 siblings. Full 
scale IQ 1s averaged 13 points lower for the index cases than for 
their siblings. Verbal and performance IQ were also significantly 
lower in the previously malnourished group. C:r.avioto conclud.ec as 
follows:- "irrespective of the presenceor absence of a previous 
admission tci hospital because of severe malnutrition children 
developing in this milieu have a higher probability of showing 
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poor performance on intelligence testing, as well as in other types 
of testing relating to basic mechanisms for learning. The presence 
of an episode of malnutri t.ion occurring early in life and of enough 
severity to force the child into the hospital increases tho chance 
of scoring in the low range 11 (Cravioto, 1970). 
Using the same mr;;thods for the as!.:;essment of inter~sensory in-
tegration together with a suitably constructed intelligence test 
battery, Champaken et al (1968) studied Indian children who had been 
treated successfully for kwashiorkor in infancy. Nineteen chil-
dren between the ages of 8 and ll years were tested, having been 
admitted during the period 1959 - 1962 at the ages of 18 - 36 
months. For every experimental child three matched control chil-
dren were selected taking account of age, sex, religion, caste, 
socio-economic status, and educational backgroundo In addition 
the intelligence test was standardised on a group of 50 children 
of the same age range and derived from the same socio-economic 
group and geographical area as the experimental and control groups. 
This difference was particularly morked in the younger age group 
(8 - 9 years) and tended to diminish in the older age group 
(10- 11 years). Inter-sensory organisation was poorer in the 
experimental subjects - markedly so in the younger age group, 
with a tendency to improve in the older age group. The deficits 
were particularly marked with regard to perceptual and abstract 
abilities.· Heights, weights, a ncl head circumferences of the ex-
perimental children were generally similar to thosG observed in 
the matched controls, though the wBights tended to be somewhat 
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lotuer in the experimental ~jroup. Intelligence scor·e, head cir-
cumference and height were correlated 'in the control subjects. aged 
8- 9 years, but no other significant correlations were found. Al~ 
though t~ findings are clear cut, the authors are extremRly,cau-
tious in their interpretation and question whether they are direct-
ly attributable to the earlier episode of PCm. Further factors they 
suggest are 1) whether the prolonged i:;;mobilisation before and after 
hospitalisation resulted in a loss of 'learning time', togethGr with 
the emotional st~ess and anxiety incidential to the hospitalisation. 
2) Whether the poor perfor!TB ncc3 of t.hf-3 experimental group is 
merely a reflection of the low level of intelligence, motivation 
and resourcefulness - factors which determine the develbpment of 
full-fledged kwashiorkor in the children. 
In 1968 Botha-Antoun reported an investigation of 22 children 
aged 4 - 5 yearsf whose early nutritional status had been :.Uel.l 
defined~ Beth experimental and control groups were drawn from a 
large sample who took part in a longitudinal growth study from 
birth to 3 months of age. Children in both groups had normal 
births and normal neo··nata1 periods. The nutritional status of 
most children was satisfactory while they were breast-fed in the 
first 3 months of life. Thereafter PCM appeared in the exp~ri-
mental group and all children in this group fell below the third 
percentile for height and weight at some stage during the first 
18 months of life. mean differences of IQ on a revised Standfcrd-
' 
Binet Test were found between the experimental and control groups 
"' and the difference was reflected in both verbal and performance 
scores. The groups also differed significantly in age of start-
ing to walk and talk, but tile scores were within the normal age 
range on the Gesell Scale. Although intelligence scores of the 
two groups of parents did not differ significantly, the authors 
recognise that the experimental end control groups were exposed 
to qualitatively different environments and maternal attitudes. 
Sibling control~ were u~ed in a study of the effects of 
kwashiorkor and intellectual development in Cape Coloured children 
in 1968 (Evans, 1969; Evans, Moodie and Hans~n, 1971). Forty 
children between the ages of 9 and 14 ye~rs were studieds having 
been admitted to hospit~l with kwashiorkor between the ages of 
10- 49 months. The control group consisted of 40 siblings aged 
8 - 15 years, each being the nearest in age and of the same sex 
as the experimental subjBct but without any history of acute 
nutritional disease. On the New S./L Individual Scale (South 
African equivalent of the WISC) no significant differences were 
found between the experimental subjects and controls on full scale 
intelligence score, verbal score or non-verbal score. There was 
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a positive correlation of 0.62 between subjects and siblings on 
the full scale scores. A low negative correlation between in-
telligence score and degree of social pathology was found. A 
significant difference was found between subjects and c6ntr~ls 
on the Harris revision of the Goodenough Drawing Test. (~ less 
than 0.02). Of 14 drawings selected as indicating marked emotional 
disturbance by machovers criteria, 9 were from the experimental 
group and 5 from the control group. A low negative correlation 
occurred between the age of the child on admission to hospital 
and the full scale intelligence score in the experimental group~ 
When the data were analysed according to age of admissi en to 
hospital, the difference between the experimental and control 
groups was not significant in either of the two sub-samples being 
admission age 10 - 15 months and admission age 16 - 48 months 
respectively. There was however a significant difference between 
both the subjects and siblings of the 2 sub-groups, with signifi-
cantly lower scores in the late onset group. Because the sub-
samples were not paired or matched, comparisons were not possible. 
Inter-group differences in test scores were therefore sought and 
• 
significant differences betwesn the late-onset kuashiorkor 
subjects and their siblingi were found on the Harris-Goodenough 
score and the Arithmetic Problems sub-test of the NS~IS. This 
finding correlated with significantly poor scholzstic achievement 
in the late onset sub-sample when compared with the control group. 
This study concluded that whilst an acute episode of PCm did not 
significantly lower intelligence score, the possibility that pro-
longed nutritional deprivation retarded intellectua 1 developmBnt 
had not been excluded.. This retardation could have been cau~ed 
by interference of emotional fc_;ctors in the children's cognitive 
processes. 
Another sibling study was reported by Hertzig et al. in 1972. 
Seventy-four Jamaican boys who had been treated in hospital for 
severe infantile malnutrition r!u:ring the f:i.r~t 2 yeers of lifcC! 
were tested on tho WISC at the age of 5 - 10 yssrs. These wero 
compared with 38 male siblings (i.e. children having the same 
biologic2l :.1other as the inde>< ~ase). In addition to the sibs a 
class-mate or index case being th~ ne2rest in age of the same sex 
was selected. This resulted in 71 matched pairs of index and com-
parison children. For full sc::,le, verbal rand performance IQ the 
.index cases have the lowest sc~_res, the sibs occupied interm~.:dL:=-te 
position, and the cor:1parison children h-::d the highest sco:r.:EJS. 
The index child:c'en uJere 7 - 9 points lower. than the com~)iH'irwns 
and each of the differen6es was statistically significant (p less 
than 0.001). For full scale lQ, 23% of the index cases compared 
with 7'); cf the comparison children performed at o:r below thB floor 
of the test. (p less than 0.01) • .The p1~oportion of rninima1J.y 
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functioning cases in the sib group was not significantly different 
from either the index or comparison groups. No correlation was found 
between age of hospitalisation <:Jr1d IQ, end Pearson correlctions i.n·~ 
dicated a random relationship between the age at hospitalisation ond 
the IQ at school aga. There was no significant difference in the IQ 
between the two groups of children achitted between the ages of 
8 - 12 months and 13 - 24 months respectively. 
Another prolific writer on the subject is M~nckeberg, who in 
1968 expressed certainty in his conclusion that permanent brain 
damage results from early malnutrition. Fourteen Chilean children 
admitted to hospital between the ages of 3 - 11 months were follow-
ed after treatment, carrection of the undernutrition being attBmpt-
ed by an adequate free supply of milk to the families. The children 
were tested by Binat and Gesell methods when the aga range of the 
group was 3 - 6 years~ The average Binet IQ was found to be 62 
and in no case above 76. This was significantly less than the 
average of Chilean pre-school children of low socio-economic level. 
On the Gesell test, only 1 child attained the 42nd month in.all 
4 areas. The best development was usually in the personal-
social area; the most retardation was seen in language. Head 
circumferences were definitely below normal; heights were all 
below average (3rd percentile) whereas weights all were found tc 
·be above average (3rd percentile). The relction of weight to 
height was above normal, in some cases so much as to giv<-J the 
impression of obesity. The author attributes the low test scores 
of the group to brain damage diractly resu1ting from a disturbance 
of protein synthesis during brain growth, and likens the effect of 
·~ 
malnutrition during the first month of li.fe to that of hypo-
thyroidi~m, galactosaemj.a) and phenylk8tonuria. The irreversi-
bility of the brain damage is seen in the lowness of the scores 
despite improved nutrition as indicated by tre abmte average body 
weights. 
mBnckeberg dsrived further evidence from a study of the rela-
tive influence of social class and melnutrition on psychological 
deficit. He tested 153 pre-school children within three social 
groups. Group A included middle-class childten; Group 8 and 
Group C were frorn the lower clas<; wi 'ch the sa.me average income 
Eer caeita and similar educational levels of parents. Group 8 
was from a population with no malnutrition, due to free distri-
bution of milk and medical assistance over the pe.riod of 10 
years. The proportion of children with normal intelligence was 
essentially similar in Groups A and B~ whereas in Group C only 
50~~ were n~rmal. The author recognises that a supplemental feeding 
programme affects the environment, maternal motivation, and nu~ 
tri tional state, so that the differences in inteJ.lirJence level 
cannot be ascribed entirely to the nutritional factor. 
A further study of the epidemiological type was published by 
MBnckeberg and co-workers. The group consisted ofi a random sample 
of 220 children aged.l- 5 years drawn from the slum area of 
Santiago where living conditions and housing were sub-standard. 
Under-nutrition in this group was prevalent with different degrees 
bf growth retardation, but none of the children had oedema or 
severe malnutrition and none had a weight of less than 60% of 
. standard for age. Group 8 consisted of 90 children from the 
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Chilean middle-class with a <~imilor· ;:;ge J:<Jnge to Group I~. Thpir 
nutritional status was considered normQl according to the Iowa 
standards with weight an~ height not loss than so% of the standard. 
Developmental quotients ~ere derived on each child from scores on 
the Gesell. and Ter:nBn:-fl18rrill sc<:lles, and thc':J intellectual levels 
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of the mothers was obtained from an abbreviated form of the Wechsler-
Be llev'-l!e Sc2le. A nut ri ti on<.; 1 su rvoy WG s ma c~e in every home, w:L th 
a chemical analysis of swnples of food consumed c!ur5.ng 8 seven clay 
period. There Wl'.!re substantial differences betm:en the tt:Jo groups 
in terms of family inGome, uducational status of the par~nts, and 
especially in the intellectual level of tll8 mothers 1 which show~ 
ed a significant difference (p less than 0.001). The percentage 
of the children with an IQ within normal limits for theii age was 
also significantly different (p less than 0.001). Group A children 
had significantly lower developmental quotients in all areas of 
function tested. In order to determine whether a relationship 
existed between the OQ and nutritional conditions, two sub-groups 
fr!Jm Group A wore allocated according to their nutritional stctus: 
those whose weight for age was below the 3rd Iowa percentile and 
those whose weight for ago was over the lOth Iowa percentile both 
showed a marked difference in DQ in every area. Even children 
with an acceptable nutritional conditio~ (weight above the 10e1 
percentile) presented lower values in all areas than pre-school 
children belonging to Group B. However a significant correlation 
was observed botwoen growth retardation end low intellectual level 
in Group A and also between the frequency of retardation of psycho-
motor developm£"Jnt and the amount of animal pxotein conBumed by each . 
child. There was also o positive correlation bGtween deficit in 
head circumference. and DQ level. This correlation ceased to be 
significant when crani.aJ. ~~towth was normal. A further significant 
correlation was not!OJd between the maternal IQ and nutritional status 
of the child (~ les!> thon OoOOl). f{;tlnckeberg states that: Hwe 
c~nnot assert definitely that undernutrition is a fa~tor in the 
low development quotient" and "it is possible that malnutr-ition 
could be a concomitant factor ind not the cause of an impair~d 
development quo tient. 1: He concludes by noting that 11 the degree 
of retardation was dirt3ct.ly related to the omount of animal pro-
tein consumed and also to the retardation of physical and cranial 
growth. The results, although they do not allow the formulation 
of definite conclusions$ suggest that chronic undernutrition in 
the child acts in a negative way upon mental and psycho-motor 
ma"turation. 11 It appear<' therefore that rM.lnckebt)rg 8CC£:"1pts a 
statistic~l-correlation between two variables as indication of 
a causal relationship, and does not allow for the possibility 
of the operation of a third independent variable - with the state-
ment that "it is almost impossible to analyse separ.atc->J.y the· im-
portance of each factcr and thus obtain a definitive, clear-cut 
answer. 11 
By fer the most penetrating study to date is that of Chase and 
Martin in 1970. Nineteen urban slum children aged 2 - 3i years 
were studied having been admitted to Denver Genefal Hospital bet-
ween 1962 and 1967 at lsas than 1 year of age with a primary diag-
nosis of generalised undcrnutri tion. The sampJ.e included two sets 
·--- of twins, one dizygotic and one monozygotic; Children with any 
• 
30 
evidencr3 of organic dim)a!:,F; leading t•J umlernutr~tion, and those 
with neo-natal difficulties were excluded. With the exception 
of one child from each pair of twins, birth weights were all above 
2 kgs. Nineteen children of similar socio-economic status to the 
test children were chosen as controls on the basis o~ birth datef 
weight, sex, race, and having been born and followed at the same 
hospital. In addition the siblings of both control and test chil-
dren were screened on the Denver Developmental Screening Test. 
Maternal intelligence was estimated with the 0ocabulary sub-test 
""'of the WechslEr Adult Intelligence Scale. Chilp/parent interaction 
was evaluated in the children 1s homes using tha Home Stimulation 
Inventory Scale, and social conditions were evaJ.uatecl in the home 
by means of the San fi'Jateo County Family Social Functioning Scale. 
All families were rated by the same. social worker on the basis of 
direct observation and enquiries. The index and control children 
were tested blindly on the Yale R~vised Developmental Examination. 
At a mean of 3t years after admission for both control and test 
children the developmental quotient ~dS significantly lo0er in the 
test children (p less than 0.01). The test children were lotuer in 
all five areas of the developmental quotient, but were particularly 
I 
low in language. Control children were also low in language but 
not as impaired as the test children. These children admitted t,o 
hospi~al with .a duration of under-nuttition exceeding the first 
4 months of life were mostly severely impaired ~ith a mean DQ of 
70. All 5 areas of developmant were statistically lbwer than either 
the control children or the children admitted with undernutrition 
'"~'"_---· ... before the age of 4 months (~less than D.Ol). The DQ of the test 
31 
children admitted to hoppital within the first 4 months of 
life was not significantly different fro~ that of the control 
children. Physical growth also correlated negatively with the 
duration of undernutrition in the first year of life, with the 
children admitted to hospital after the age of 4 months of age 
particularly low in all indices on follow up (Height, weight, 
I 
head circumference)o Tho group admitted tq hospital after the 
age of 4 months contained significantly more children below the 
3rd percentile in weight and height (~less thaG 0.001). Dif-
ferences w~re not significant for weight or head circumference 
betwe~n children admitted prior to 4 months of age and tha con-
trol children. In social functioning the families of the test 
and control chi1dren differed only :Ln the c;:;~tegor.y "health status 
f f ·1 th th th · · t" r--- t' o n"5) o am1. y o er an e ra1:1.en ~ ,p .t.ess nan .• ··"· • A similar 
number of fernilies in both the contwl and test groups demonstrated 
severe problems in community relations, family relations, and eco-
nomic functioning, but the Home Stimulation Inventory Scale dis-
criminated between the two ~ioups and the difference was signifi-
cant (~ less then 0.01)~ There was no statistital difference bet-
ween the values for mother~ of children admitted prior to the age 
of 4 months and mothers of children admitted tifter that age. The 
proportions of control and test mothers with lou: intslligence was 
not significant. Thirty-three siblings of the test group and 19 
control siblings w~re examined. No significant differences between 
the two siblings groups were found for height, weight and head cir·_-
cumference. Of 27 pre-school test siblings assessed on tha Denver 
Developmental Screening Test, three feiled and in two of these 
ca[->es other siblings in the famil)' be<.;irJes the index case 
vJere known to have been underno~Jrisher.:L Of 17 pre-school con-
trol siblings assessed on the DDST there was one failure. Ap-
parently no comparisons were made betu;een the nourished or con-
trol children and their siblings. 
The authors address themselves to the investigation of fac-
tors relating to the aetiology of undernutrition and attempt to 
discover why the test children were allowed to become undernourish-
ed to the point of requiring hospital treatment. Maternal age, 
pa~ental height and educational attainment, maternal low IQ, and 
social deviant behaviour octurred with similar frequency in the 
tUJo groups. Howeve:c the number.· of siblings under the age of 2 
years at the time that ths ~ndex case was born was greater in the 
test than in the ccintrol families. Parental separation during 
pregnancy or soon after birth occurred with a higher frequency 
in the test fa~ilies, and in four out of eight cases the index 
child bore the exact name of the absentee fathe~. There was also 
a higher evidence of unwanted pregnancies in the test families 
than in the control families. The authors conclude that: "five 
factors were found that probably resulted in environmental stress 
to the mother at the time of the undernutrition: pareMtal separa-
tion; alcohol-re.lated problems; inadequate finances; larger 
family; and the stress of one or two additional childten under 2 
years of age." The sight mothers of test children whose husba~ds 
deserted them during the pregna~cy or soon after the birth were all 
believed to have been emotionally ups8t at the time that the child 
became undernourishE:do The 8uthoi'S recognise an analogy between 
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child-battering and infantile undernutrition in~ select pro• 
portion of cases, and in view of the multi-factorial problems 
in the production of undernutrition suggest that.the term 
'psycho-nutritional deprivation' could be used to describe these 
childr·en. 
mETHODCL~lQJCP.L PROBL~ 
The investigations reviewed above illustrate the difficulties 
attending the study of the relationship between malnutrition and 
intellectual development. Cobos (1972) conceptualis~s the diffi-
culties under three headings as follows: 
1. Lack of precision in the definition of malnutrition. 
2. Occurrence of malnutrition within the context of massive 
deprivation. 
3. Lack of precision in the measurement of psychological deficit. 
Nutritional status is generally established anthropemetricelly 
by measuring deficits in physical growth. H6wever, the variations 
in anthropometric measurements and their relation to the effects 
of nutrition are not fully understood. Some studies (Cravioto, 
1966; Stach and Smythe, 1963) have selected children who showed 
poor growth and were therefore assumed to have been chronically 
malnourished. Cobos suggests the t a more accurate way of assess-
ing nutritional status would be to measure food intake. This 
however, particularly in a retrospective study such ss ''fil.'lnckeberg's, 
is likely to be unreliable. Protein-calorie malnutrition is usually 
blamed for deficits in psychometric scores, but it is recognised 
that it is extremely difficult to isolate pure forms.of protein 
. . 
deficit without associated deficits in other nutrients.· The study 
of Liang (1967) is the only one which singled o~t a sp~cific 
vitamin deficiency, and it is intBresting to note that the subjects 
deficient in Vitamin A showed a greater deficit in IQ score compared 
with those who had suffered from PCm alone. 
All authors have recognised that malnutrition does not occur 
in isolation but exists as par-t of a wider syndrome of deprivation. 
No-one has succeeded in controlling the multiple variablas that 
indapendently affect both orthodox tests of intelligence and other 
psychometric tests of cog~itive function. The use of siblin~s 
·is probGbly the most satisfactory way cif achieving this control, 
but as noted introduces the problem of ch~onic sub-clinical mal-
nutrition in the siblings. Furthermore, the study by Chase and 
Martin (1970) has cloarly .shown that the status quo within the 
family is not necessorily maintained from sibling to sibling 9 and 
that psychodynamic variations.within the family·are in fact among 
the very factors which determine the occurrence of an episod~ 
of acute malnutrition in a particular child within a chronically 
sub-nourished family. 
Lack at precision in the measurement of psychological defi~it 
r~fe~s to the possibility that malnutrition affects differentially 
several areas of psychological function. This differential impact 
may be further complicated by the possibility that the severity of 
the insult as well as the age at which it occurs in relation to 
critical periods of behavioural and/or organ development may de-
termine the significance and the reversibility of the psychological 
deficit) and also the particular area of behavioural function affec-
ted. Apart from the usual difficulties in the definition of 
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intelligence and the reco~nised 
. . . . 
l.ntn.cac:t.GS of the methodology 
of measurement, the populstions under consideration bre generally 
sub-cultural and trans-cultural, and the tests applied are in 
general d~signed for, and standardised on 1 culturally difFerent 
populstions. To avoid th~ necessity of applying test norms de-
rived from a culturally different pcpulation 1 various types of 
control groups have been selected which in turn have introduced 
the problems of the effects of sCJcio-cult.urc)l background on test 
performance, as for example in the Stech and Smythe study whaie 
the control group had the benefit of nursery school experience. 
The scientific value of this and other studies is further reduced 
by the fact that assessments were not conducted blindly. Canosa 
(l97l)s reporting on two pilot studies, observed that tests of 
short-term memory which had previour3ly discriminated behueen wEdl-
and undernourished children failed ·c,o do so when the children 1 <> 
group assignment was not revealed to the psychologists administer-
ing the tests. 
The need for a comprehensive model of mnlnutrition is stressed 
by Cobos who proposed that the multi~fsctoriai causation of an un-
balanced food intake, that leads to the identifiable alterations 
in body r,masui'ernents by which malnutrition i~> diagnosed, should 
be thought of as a com:-;lex system of interactions or a network of sub-
systems. This could ba represented in a simplified manner as follows:-
Nutritional status (food need/food intake)= f ((FA), (H))(Ps.F),(F.F.),(S.F)) 
This indicates that the perceived nutritional st~tus is the outcorne 
of biological processes depending on the equilibrium between food 
n~eds and food intake, the latter being a f~nction of, at least,. 
food availabiiity (FA), physical health (H), psychological (Ps.F) 
and familial (F.F.) and sociological (~;,r:-.) factcns. 
The elements in this system are r~latsd to each other and to 
the total system in ways not yet well specified. Each element 
in itself is also a sub-system, the GXBCt. composition Of which is 
generally unknown. For example the av~ilability of fobd is usually 
linked to factors sucll as economic status, family size and food 
habits, which in turn may be .re.lab::d to aspects of social dis~ 
organisatio~ such as alcoholism, parental separation and unemploy-
ment. nlalnutri tion {s thus the result of th8 mutual interaction 
of many factors, some or all of which ar8 present at vari.ous J.evels 
in varying degrees. 
A detailed analysis of the function~ of fDod and the effects 
of decrease in such·functions is provided by Cobos, in terms of 
which food has mechanical- biochemical; physiological, psychologi-
cal, and sociological significance. In terms of this analysis, 
psychological test performance may reflect the effects of food 
reduction at mechanical level as poor development of perception; 
at a biochemical level as impairment and alteration in CNS function 
. . . 
and structure; at a physiological level as increase in the risk 
of infection and illness with consequent reduction of conc~ntration 
ability; at intra-individual ps;6hologica1 level as the activation 
of mechanisms to increase survival with heightened ottention t.o the 
'self 1 and less attention to the extra-individual factors; at an 
inter-individual psychological le~el as maternal deprivation with 
consequ8nt damage to all areas of psychological development and 
primary socialisation; at the intra-familial psychological level 
as syndrome offumily deprivation leading to damage of psycho-social 
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developmont and secondary socialisation; and th8·saciological 
level as identification with a marginal grou~ and im~overishment 
of psychological and social s~vi~onment and ~orformance. 
Cobos (1972) describes the design of a proposed study known 
as the Harvard-I.C.B.F.-Cornell Projoct. The ~reject aims t6 ex-
plora the question of whether malnutrition causes deficit in de-
fined psychological ar.eas, and if possible to clarif)i the extent 
to which the psychological deficit may bs prevented or reversed 
by food supplementation. An attempt is being m~d~ to discover 
whether the possibls nutritional causes of ~sychological deficit 
can be distinguishod from other Gauc,ss b)' c!etermining the nature 
of the: interaction bGtween nutritional and other non-nut.:ri. tiDnal 
factors offectin~ psychological function. A basis for the de~ign 
is the well-known fact thst siblings havo highly correlated 
psychological scores, a fact which has been confirmed in the pilot 
study. A further basis for the design is thgt in the local area in 
which t.:1e project is being conductod, it is a common finding that 
a child who is malnouri shod has one well-nourished sibling. Food 
supplementation of th3 family should lead to a recovory of the 
malnourished child and the ~rsvention of malnutrition in the well-
nourished child. This allows a comparison to be made between the 
sibs in order to identify the effect of a history of malnutrition. 
In order to separato the effect of birth order from nutritional 
effects, different groups of siblings will be studied. The 
Griffiths Scale of f;l3ntal f\1e~<stn:·er~ont will be used to derive a 
"Cognitive Developmantol Quotient,n 
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Preliminary results of the pilot study published in 1972 in-
dicated that various combinations of the social variables significant-
ly accounted for a considerable part of the variance in the indivi-
dual psychological test scores, and suggested a considerable over-
lap between the nutritional scales and the combinations of sociologi-
cal variables. However even after the measured social variables 
had been accounted for, nutritional factors had an impact on the 
psychological test scores. The study promisss to be the most de-
finitive one so far undertaken. 
A study ofl novel design and with particular relevance to the 
present study is that of Yaktin and mcLaren (1970, 1971). Prelimi-
nary findings of the study conducted on Arab children in Beirut were 
published in 1970. The study aims t0 assoss the improvement in be-
haviour~l development during recovery from marasmus, with and without 
the added effects of stimulation during the rehabilitation period. 
Thirty children in the study all suffered from acute and severe 
nutritional marasmus at the time of their admission to hospital 
and ranged in age from 2 - 16 months. These children were divided 
into 2 expeiimental groups matched for age and sex. One group 
consisting of 17 children was provided with an enriched environ-
ment and referred to as the stimulated grou~. They were treated 
in decorated ward~ and provided with toys and music. Nursing 
staff were instructed to play with them, sind to them, and establish 
a warm nurse-child relationship. In contrast the 13 childran in 
the unstimu.latsd group were treated in an ordinarily furnished hos-
pital ward of about the same size. Both groups of children received 
identical medical and dietary treatment. At the beginning of the 
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unstimulated group 30 weeks. The mean weights were 33.8% and 
52.9% of the 50th percc-mtile of tho Boston stanc~:?.rc!s respectively• 
AJ.l children were tested over a period of four months at 2 wee!~ 
intervals on the Griffiths mental Development Scale. The stimula-
ted group had a mean OQ of 51 at the beginning of tbe study, and 
the ~nstimulated group a mean ~Q of 46; the difference ~£S not 
significant~ Significant correlations however were fo~nd ~etween 
the OQ and weight (p less than 0.01) and between DQ and head cir-
cumference (p less than 0.001). Both groups showed improvements 
in the DQ scores as they recovered physically, the stimulated group 
to a significantly gre.:::~tcr extent than the uhstimubted group. ia 
the seventh testing ~ession the mean DQ was 70 and 75 for the sti-
mulated and ~nstimulated groups respectively. At the eighth sessioh 
the mean for the unstimulated group dropped to 66 whereas the mean 
for the stiniulated group rose to 78. The authors do not Dxpl3in 
this change in direction~ which raises q~estions about the relia-
bility of the test employed. Over the entire period the greatest 
improvement was in the area of person3l-social function in both 
groups. At the end of the observation period the greatest remain-
ing deficit ~as in the area of hearing and speech. 
I t (y It o t ' "1071) 00 n a more rccen paper a< -ln e. a~., ~J ~nc autr.ors re-
port on a sti.rnulated group of 28 children, an unstimuJ.atecJ group of 
27 children and a control group of 35 heal thy chLld:ren from the 
same co~munity and m2tched in age and sex, but significantly diffe-
rent from the experimental groups in terms of weight~ being 106% of 
the standard. At the initial test session the control group had a 
for the unstimulated group. Analysis of variGncs was carried out 
using 20 subjects from each group. The ~erformance of the control 
group was significantly superior to both experimental groups (p lass 
thon 0.01). A difference between stimulated and unstimulated groups 
became significant only from the third sE:Jssion (p less them 0.05); 
at the 4th to 7th session the difference increasE:Jd (p less than O.Ql) 
and at the Bth ssssion the difference became less pronounced (p less 
than 0.05). Again th8 greatest deficit appeared in the language 
area. There was no ~gnificant difference between sessions in the 
control group. When analysed in terms of age on admission to hos-
pital, 30 children admitted before the age of 6 months had a mean DQ 
of 82 on discharge, 18 children admitted over the age of 12 months 
had a mean DQ o~ 61 on discharge. The differentes between the three 
age groups ~ere significant (p less than 0.01) indicating a relation-
ship betweeh duration of malnutrition and severity of impairment. 
Follow-up experiments of 33 experimental children and 20 con-
trols are being OJ ntiml8d at 3 monthly intervals. The ref;ults incJi-
cate that the two experimental groups became progressively more si-
milar, the control group remaining more or less constant. At one 
year follow-up, four previously stimu1ated children. h:; d a mean DQ 
of 83, and five previously unstimulated child had a mean DQ of 81, 
compared with 5 control children with a ~san DQ of 105. The signi-
ficant difference in mean 0[~ between children who were less than 6 
mbnths of age on admission and children from tha older age group 
remained signi~icant. The results suggest that any benefits accrued 
from stimulation a.re lost tuhen the child retur·ns to the honie 
environment. 
A simiJ.ar study is reported in abstract by Vi'tale (1970). 
Over a three year period there was a significant increase in the 
Gesell DQ of children betweeri 1 - 4 years of age fed food supple-
ments and provided with medical care. A comparable age group pro-
vided with only medical cara showed no significant increase. Coupled 
with the i~crease in DQ was an increase in head circumference, sta-
tistically greater in the food supplement group. medical care and 
medical care plus food supplement had varying effects on the reduced 
OQ of children aged 6 - 16 years on Porteus, Goodenough, and Raven 
Tests. There wa~ no increase, a slight decrease and a significant 
increase for medical care and medical care plus food supplement groups 
respectively. However cnly the medical care plus food supplement 
group had a significant increase in the DQ on Dearborn Scale. The 
infant mortality rate·and the death rate for the 1 ~ 4 year group 
fell significantly without any apparent effect of food supplement. 
CHAPTER 3 
Af\JH~AL EXPEF:Irnc:::'f[S HJ r~UTRITI OtJP.L DEi-~~rv_:~.no:-J Ar·JD 
NEURAL DEVELOPMENT 
_A~Jif:1/ji_ .EXPCF.H:1E!E_UJ~Ti: G:'Jt~!:...J?EPRIV:J,TI 010 ;~;·.Jo 
j'E U l~ f\ L CF V Ck.D P r: 1f:: ::!.I 
more than 50 years h3V8 elapsed since Jackson Dnd Stewart 
(1920) published their f.indings o:• t.he effect of varying periods 
of inanition and subsGc;ur::;nt nutritional rehabilitation on new-born 
ancl weanling experimental animc:;ls of several species. One of their 
main conclusions was that nutritional cieficiency imposed shortly 
after birth had permanent and obvious effects on the subsequent 
groLuth of the animal, u;hilst transient meJ.nutri tion occurri.ng at a 
later age depressed growth only for the duration of depriv2tion 
without affecting ultimate size after nutritional rehabilitation. 
The stage of development at which.ths young animal ceased to be 
vulnerable to permanent impair~ent of the growth potential could 
not be precisely defined and evidently veried amongst species; 
however it usually occurred shdrtJ.y after the end of the normal 
suckling period. Since then it h2s been demonstrated exporimen-
tally in many species that if an animal is deprived of the essen~ 
tials for growth during critical stages of post-notal development, 
it will remain physically retarded, notwithstanding later correc-
tion of tho dietary deficiency. (Waterlow, Cravioto and Stephen, 
1960; Widdowson, Dickerson and McCance, 1960). McCance has shown 
in experiment2l animals that whether malnutrition has temporary 
or permanent effects on body size depends on the severity, duration., 
and timing of the insult •. Differences exist between species, but 
.in general "t.he earlier in i t:s deVEJlopment an animal receives a 
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nutri t:l.onal set-back 1 the .less likely it is to reach its full 
genetic stc.1ture." (i'iicCance, 1968)" The critical phase of nu-
tritional vulnerability can thus be identified with the period 
of maximum growth 9 which in many infrahuman multiparous species 
takes place predominantly during the pre-natal period of develop-
ment. 
Hypothstically this knowledge can be applied specifically 
to the growth of tha brain ·and development of the CNS. The con-
cept of 'sparing 1 of the brain from the effects of nutritional 
insult based on the work of Donaldson (1911) was challenged in a 
series of pioneering investigations during the 1960t~ by Dobbing, 
Widdowson, and Davison which demonstrzted th8t both severe and 
~~dest degrees of nutritional deprivation experienced by the ani-
mal at a time when its nervous system was developing most rapidly 
resulted in redu6ed brain size and in deficient myelination. The 
deficits were not made up by subsequent ntitritional rehabilitation 
(Birch, 1972) •. 
Two main overlapping hypotheses about the vulnerability of the 
develo~ing brain have already been extensiv~ly tested. Dobbing 
(1970) states that "the brain is likely to be most vulnerobJ.e to 
permanent restriction from undernutrition during the period of the 
1brain growth-spurt', the transient period during which it is 
passing through the raiJid phase of its sigmoid growth trajectory." 
Dobbing adds two corollaries, firstly, thit the nearer the growth-
spurt, the milder need be the. undernutrition to produce p~rmanent 
restriction, and the further away, the more severe until in the 
adult there is no ~raat effect on brain composition from very 
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severe starvation. Sec~ndly, in view of the different rates of 
growth in different brain ragions and along different parameters, 
undernutrition at any one stage will produce different effects in 
relation to the regional velocity obtaining at the time. Another 
main hypothesis is pr·oposed by UJinick 2nd r~ob1e (El66) that 11 under.-
nutrition cJuring tre growth period in any tissue whGn cell division 
is taking place will lead to permanent :reduction j_n the numbers of 
I 
cells attained. Later undernutrition, at a time when growth consists 
mainly of an increase in the size of cells, will result in a reduc-
tion only of cell size and this will be recoverable on restoration 
of normal nutrition." This would explain the phenomenon of 1catch-
up 1 on rehabilitatio~ subsequen~ to relatively late onset deprive-
tion. 
Dobbing (1972) sees a superficial ressmblance between these 
hypotheses and the hypotheses relating to dritical periods in the 
development "of motoric and cognitive skills during which experience 
and environmental stimulation have an optimal effect. The critical 
periods for imprinting, socialisation, and acquisition of cognitive 
skills are described by the developmental behaviourists as periods 
of increased activity in that the organism is more sus~eptible to 
developmental progress. By contrast, the use of the term by neuro-
biologists tefers t6 sensitivity in terms of vulnerability of de-
velopmental phases to interferen6e with developmental processes. 
The field of teratology has accumulated knowledge of very precise 
moments of susceptibility during periods of or·gan development at 
which specific insults may result in gross disturbances of final 
shape and form. In experimental animals, viral disease, drugs, 
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specific nutritional deficiencies, X-irradiation, ~nd even a short 
episode of mild pyrexia, will produce d8formities in the CNS depend-
ing on the precise timin9 of the insuJ.t in relaf.ion to embryo:logica.l 
events. 
The growth c::nd maturation of an organ at cellular leve.l comprises 
four stages:- proliferation, migration, differentiation and death. 
This sequence of events is observed in all parts of the brain, but 
the timing differs from one cell typo to another, and from tegion 
to region. The cellular composition of the brain is relatively 
heterogeneous, and this contribute~ t~ on extremely complex pattern 
of development when the brain is regarded a~ a whole (Herschkowitz 
and Rossi, 1972). Velocity curves for brain growth have been ccn-
structed for a variety of animal species using whole brain l!Jeight:, 
total brain cholestrol and tissue deoxynucleic acid - phosphorus 
(D.N.A.-P) content as indices of ~evelopment by Dobbing (J970~ 1972). 
The majo~ brain growth-spurt may be s~id to begin in all species at 
about the time the adult number of neurons is virtually achieved: 
by the end of the second trimester of gestation in humans (25 weeks), 
or at birth in ~he rat. This point however cannot be regarded as 
the end of cell multiplication, and the heterogeniety of brain cells, 
and the different times at which they divide causes difficulty with 
the celJ. division hypothesis. Neurons multiply very early~ mainly 
before the oligodendroglia be~in to do so. Thus adult members of 
neurons are virtually achieved before the growth-spurt begins. 
However, the greatest number of orai.n cells are the glia, and these 
begin their own mitotic growth~spurt after neuronal division has 
ceased and.coocurrently with the growth of dendritic processes and 
connectivity. Experim8ntRl testing of both hypotheses so f2r has 
imposed nutritional restrictions at a stage later than the period 
of neuronal division, and the cell deficits achieved ar~ therefore 
likely to be almost exclusively gJ.ial. If glial. number is a func-· 
tionaJ.ly important b:rain parameter, this woulli be important and 
might account for subsequsnt specific d8ficits of myelination; 
but if the period of rtpid bio-synthetic activity concerned with 
myelination is in itself vulnerable, this would open up the further 
possibility that other non-mitotic processes will be vulnerable 
simply because they are occurring rapidly at the time. The con-
sequent establishment of synaptic connections, which are not direct-
ly concerned with cell division, but are important in the growth of 
neuronal processses, may be interfered with as a direct consequence 
of interferences with the previous division of glial cells. 
The broad generality of the vulnerable period hyp~thesis has 
been effectively tested and proved in animals; and its corrolaries 
that a vulnerability related to the rc:,te of growth implies a CCJm-
parative invulnerability before the brain growth-spu~t, and an in~ 
violate adult brain, have been well demom:>ttatsdo Furthermore it 
can be shown that growth retardation in animals does not alter 
the timing of the growth-spurt in the brain, but causes a reduction 
in the extent of the process, which nevertheless occurs at its pro-
per ordained time. Thus none of tha individual velocity peaks of 
wet weight 1 DNA or cholestrol accumulation are shifted; they are 
reduced in height~ and bec2use no 'catch-up' occurs on the restora-
tion of ad libitum food, the effect is a permanent reduction. It 
seems clear then that the brain is an organ which has a once-and-for-all 
opportunity to accornfJlish cortain i111portar,t processef, of dt:welop-
ment. If this opportunity is lost it can never be fully recovered 
{Dobbing, l 9 70). 
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11ihilst Zamenhof (1968) ~ Ulinick (1968) and Dobbing (1968) have 
shown that permanent alterations in the number of cells and thEJir 
distribution among brain structures are produced only when the or-
ganism is malnourished during the period of rapid growth of the 
cr~s, biochemical and physiological abnormalities havs also been 
reported. Enzymatic maturation and development in the. brain is 
also affected; Chase ot al •. (1967) havs demonstrated defective 
enzyme org3nisation in the brains of malnourished ~~imals. 
In order to avoid confusion in the interpretation of evid~nce 
from different specief, and to allow speculative extrapolation to 
man, it is ifilportant to consider that the critical periods of maxi-
mum organ growth occur at different times in different species·but 
demonstrate an identical pattern. Thus in pig 1s brain, growth and 
differentietion occurs most rapidly in the period prior to birth, 
whereas in the rat the most rapid growth occurs when the anim~l is 
suckling. Deprivations that are experienced at the sa~e chronologi-
cal ages and life stages will therefore have differe~t effects in 
different species. Thus deprivation during early post-natal life 
will have little or no effect on the brain's size arid structure in 
an organism whose brain growth has largely been completed during 
g~station. Conversely intrauterine malnutrition is likely to have 
only minor effects in species in which the most significant period 
for brain growth occurs post-natally (Dobbing, 1970). 
------
. Atb3mpt.cs h0ve br~en mscie in expe:::iments to select an animal 
species where the brain gro~th characteristics ~re kncwn, and 
nutritional deprivation h3s been imposed at the supposed vulner-
able timo for. that species. The majority of· experimental work 
has attempted to exploit the post-natal timing of the growth-spurt 
in rats during their suckling period. The most widely used design 
retards growth by increasing the size of the suckling litter so 
that when weaned, the rDts are about half normal weight. Thay are 
then given ~£Lli!2.i.t\LC!. foocl until m<Jt'.Jri ty, and the mature brains 
are then examined and ccm~ared with the brains of animals fed well 
until weaning in an avetage size litter, but undernourished later 
by restriction of food. 
An alternative experimental design involves the underfeeding 
of the mother during the pregnancy. Stunted offspring as well as 
normal control nGwborns are then cross fostered at birth to well-
fed and undernourished lactating females, the litter size being 
standardised. Thus four groups are achieved.accbrding to whether 
the gestational.period or the suckling period or both or neither 
was nutritionally restricted. Any of these groups can be weaned 
to a restricted or adequate diet, and in this way all combinations 
and permutations of growth restriction can be imposed in the pre-
growth spurt, the growth spurt~ or the ppst~growth spurt periods. 
Numerous experiments based on the above two designs indicate 
clearly that deficits in brain growth are confined to those ani-
mals underfed in the suckling peribd. Growth retardation confined 
to the bodily growth-spurt. which occurs later than th.:Jt of the 
brain does not induce permanent stunting of either the whole body 
or the brain. 
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It has besn recently shown \:.h3t tlie timing of the sGve:i.-al 
major components of thr::? brain gr·owt.h-spurt is determined by 
chronological rather than developmantal age (Dobbing, 1972). 
Vulnerability of the growth programme iray thus reside in failure 
in growth-retarded animals to accomplish proper growth at ths fixed 
chronological age which is their only opportunity. 
The effect of nutritional depriv~tion during· gestation have 
been demonstritod by Nelson and Evans in 1953o A significsnt d~-
crease in reproductive psrformance of ra t.s occurrr:Jd when dietary 
protein was reduced to 5%. If the protein restriction was commsn-
ced after a delay of seven days after m2ting, the effects wers not 
as severe. In 1964, Venkatachalam and Ramarethan showed that a T/o 
protein diet during gestation only, resulted in reduced growth and 
a 40% post-natal mortality" Taking the above findings a step fur-
ther, Zeman and Stanbrough (1969) demonstrated that a 6% protein 
diet during. gestation resulted in reduced ON,!\, RfllA/Of.JA and Protc~in/DNA 
ratios in 16 and 20 day foetuses, and newborns. Compared with con-
trols fed a 30% protein diet a prim2ry reduction in cell numbet 
in most tissues occu:rr.ed in the malnourished animals. Similar re-
sults were· obtained by Zamenhof et aL in 1968. An B% protein diet 
fed from before .mating through gestation resulted in reduced Oi.,JA 
concentration at birth compa::ed with control animals fed a 277~ 
protein diet. 
The work of Winick and co-workers (1966, 1967, 1968, 1969) has 
demo~strated clearly the effects of nutritional deprivation during 
infancy in anim~ls. In general the findings in rats have demon-
strated that increase in litter si2e reduces call number (total size) 
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improving the DNA content. A restricted protein·diet from weaning 
to 1.12 days of age resulted in reduced uJeight~ total protein, Di~A 
and RNA in all organs except lungs and brain, where cell size was 
smaller but total number of cells was unaffected (i.s. total DNA 
was not reduced). Refeeding of such animals allowed the brain and 
lungs to regai~ normal size, but other organs show~d no recovery. 
Restricted diet from 65 to 86 dayd of age reduced total protein 
and RNA but had no effect on DNA, indicating that cell size was 
affected but that cell number remained unchanged. These findings 
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=lead to the general conclusion that the bx·ain appeared to be ir·· 
reversibly damaged only by nutritional dsprivation prior to weaning. 
The effects of nutritional deprivation after weaning was further 
investigated by Dickerson and Walmsley (1967)~ who confirmed that 
rats undernourished from weaning to 11 weeks of age could be re-
habiliated successfully in 2 - 8 weeks, and thereafter showed no 
reduction in Df~A/protein concentration in the brain, indicating 
normal cell size. Guthrie and Brown (1968) found that brain 
cholestrol levels were normal if nutritionally d~prived animals 
were r·ehabiliated immediately after weaning, but remained irre11ersibly 
depressed if ~n~ernutrition extended to 5 weeks of aga. This suggests 
a second vulnerable period during myelination after which the brain 
becomes resistant to dietary deprivation. Dobbing in 1968 confirmed 
that a 45% reduction of body weight in mature rats achieved by im-
posing a 5 week starvation diet had no effect on brain weight. 
These findings suggest that the mature brain, unlike the developing 
brain is indeed 1spared 1 under severe nutritional deprivation • 
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The experiments so far reviellied have not tak~n into account 
regional differences in the relative timing of the growth-spurt. 
Although overlap occuris it is well recognised that development 
of the brain stem is completed relatively early and development 
of the cerebrum relatively late with tho cerebellum taking an 
intermediary position. If it is accepted that the periods of in-
creased neuronal hyperplasia, glial multiplication, and myelina-
tion represent periods of inc teased susceptibility, then timing 
. 
of the nutritional insult takes on a selective significance. The 
cerebellum passed through its growth-spurt at the same time as 
the rest of the brain, but its relative rate of growth is very much 
faster. Thus the effect of generalised growth restriction is impo-
sed selectively upon the especially fast grGwing cerebellum. This 
has been well demonstrated by Dobbing (1970) who exposed the heads 
of infant rats of varying ages to X-radiation. 
Regional brain differences in vulnerability· to malnutrition have 
been studied by Culley and Lineberger (1968), Howard arid Granoff 
(1968)' Cheek et al. (1969)' and Cha SG et al. (1969). Restricted 
feeding effected most severely the weight and DNA of the cerebellum; 
when body weight was irnpro,Jed by refeeding from 57/~ below normal 
to 17% below normal, the cerebrum achieved a weight 7'}~ bE~ low nor-
mal, whereas the cerebellum remained 22;{, below no:cmal in weight. 
This indicates that a reduction of cell size occurred in the cere-
6rum, but that cell number in the cerebellum had been reduced~ 
Fish and Winick (1969) demonstrated that the brain stem was little 
affected ~t 6 - 21 days, but the cerebellum was again more affected 
than the cerebrum and hippocampus in rats rE:1ared in large litters. 
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A l . (1'" '7" ) t J ' • • ' • ' • f " . " . ' I tman :J l. sugges .s cne CllSC.lnC'GJ.on o· 1.;nree cr·:tc::.ca.t p1ases 
ih the developme~t of the mammalian nervous system after birth. 
These three phases ere reJ.atecl to the formation of three major 
classes of cells which arise from three proJ.iferative sources du:ri.ng 
three successive periods of growth. Tho three major cell types are 
1) macroneurons, 2) microneurons, and 3) neuroglia. Macroneurons 
are long-axoned nerve cells that form the afferent, relay~ commissural, 
and efferent elements of the peripheral and central nervous system. 
As such they are responsible for conveying sensory messages from 
the receptors to the CNS, for rela~ing afferent impulses from one 
brain region to another, atd for transmitting motor commands from the 
brain to the effector organs. These rnac:roneurons fa rrn tho gross 
circuita~y or 'course wiring' of the nervous system. The micro-
neurons are short-axoned interneurone with regional or local input 
and output connections. It is pn;sumed that their function is pri-
marily·modulatory or associative in nature, and they represent the 
'fine wiring 1 of local brain regions. The neuroglia are suppoitive 
elements which are responsible for the myelination of axons and for 
linking the differentiated neurons ~ith the fine capillaries of 
the brain. As such they .are responsible for the sustenance and 
fixation of the developed brain circuitry. macroneurons, micro-
neurons and neuroglia tend to differentiate in any brain regia~ 
sequentiallyt and it is possible that a hierarchic inductive re-
lationship controls their s0ccessive regional differentiation. 
For example, the microneurons of the cerebellar cortex migrate 
and differentiate afte~ the Purkinje cells with which they esta-
blish synaptic contacts, have begun to differentiate. The dif·· 
ferentiation of neuroglial cells, as judged by myelination of 
the cerebellum, is the last. event in thE> rnat:JrD ti on of this, 
brain :region. 
It is of great practical importence that in altricial mammals 
(e.g. the mouse, rat, cat, or dog) the r::acroneurons differentic.1te 
largely during the period of embryonic development; the bulk of 
the microneurons come into existence post-natally during the suckl-
ing period; the bulk of the neurogli~l cells are termed during the 
early post-weaning period. Accordingly, nutritional deprivation 
duri rg the suckling period could be expected to inflict less hal~rn 
o~ the elements already fotmed, viz. the long-axoned neurons, but 
would interfere with the formation of the microneurons and thus 
the 1fine wiring' of the brain. The great reduction produced in 
the cell population of the cerebellar cortex by early ~alnutrition 
in animals supports this view. Nutritional de~rivation during the 
early post weaning period would interfere with the final stag~ of 
the maturation of the brain such as myelination, by preventing 
the fnrmetion of neuroglia. 
The· use of chemical indices for components for brain structure 
provides a comparatively simple method of ass~ssment and is now 
widely used. Thus total tissue DNA provides an index of total 
cell numbor, and OruA concentration per gram of fresh weight is an 
index of cellularity. Cholestrol content represents myelination; 
RNA/DNA ratio and protein/DNA ratios are used as an index of cell 
size. Difficultiesj however, occur in the interpretation of these 
indices~ and their use is sometimes of questionable value. Thus 
Granoff (1969) indicates that a deficit in cholostro.l per mg. of 
tissue might reflect reduction in either myelin or total cell 
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surface area associated with a selective suppression of certain 
neuron types, and is not necessarily an irreversible interference 
with myelin synthesising cells as suggested by UJinick (1969). 
Similarly Wigglesworth (1969) suggests that impairment of myelina-
tion may be due to a decrease in the number of cells available and 
lowered activity of enzymes involved in myelin synthesis. Further-
more Dobbing (1970) points auf that there are ~any areas in the 
brain (including the. bt[?in stem) where much of the protein content 
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is related to the axons of cells in a completely different region. 
Protein/DNA ratio is th;::refore difficult to interprets in a tissue 
where cell processes are numerous and where some cells measure a 
metre in length. Nevertheless the use of the various indices has 
made experimental investigations in animals possible and must there- . 
fore be applied to defining normal human brain growth and the in-
vestigation of the effac~s of nutritional deprivation on the de-
velopment of the human CNS. 
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HUMAN STUDIES GF BRATN GROWTH IN NLITRITIQNAL DEPRIVATION 
-~-----~ ----------- ----
The first detailed description of the organs of unde~nourished 
6hildren was given by Parrot, a French paediatrician who studied 
the famine victims of the Paris Commune in 1870. He reported fatty 
degeneration of the brain, and abnormalities of other organs 
(Naeye, 1970). rnore sophisticated studies of ·early childhood 
undernutrition have only recently been undertaken, and are still 
incomplete• probably due to the fact that the arrival of severely 
malnourished children on the autopsy table is now occurring with a 
diminishing frequency. As noted previously, the fact that more and 
more undernourished children survive has given rise to interested 
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concern about long-term effects of early maln~trition. The emphasis 
of research is no longer on de~th but on. possible long-lasting ef-
facts of survival. 
Hypotheses considering the possibilities that malntitrition in 
infancy may have an effect on the structural development on the brain 
and CNS either quantitatively or qualitatively derive from an in-
creasing body of information on the effects of malnutr~tion on 
physical growth. 
Physical growth retardation following infantile malnutrition 
has been thoroughly docu~ented in numerous populations. There re-
mains however some doubt about its p€n-manence, and in human studies 
at least, there is some evidence for the occurrance of 1catch-up 1 
growth which is self-stabilising and occurs with high velocity 
during rehabilitation until the child's hatural trajectory is 
reached. A pre-pubertal growth-spurt ~oy olsu occur (Garrow 
and Pike, 1967; moodie et al., 1971). 
For many years the concept of 1spaiing 1 of the brain and 
CNS was generally held, but more recently it has beeri suggested 
that the brain is not fundamentally different in its growth pat-
tern from other organs; the CNS is not a perfectly insulated sy-
stem which grows well independently of its particular needs for 
nutritional support (Birch, 1970). 
Howev~r the brain is a peculiar organ in that eventual neu-
ronal cell number is defined e8rly .in life. Thus the brain reaches 
its final cell population number whilst most other tissues, organs 
and systems are continuing to engoge in cell replicotion for con-
siderably longer periods of time (Birch, 1970). A further rlistinc-
tive feature of the brain is its relative functional indispensibility 
in comparison with other organs. Whole secti6ns of gastro-intestinal 
tract or la~ge proportions of liver m~y be structurally damaged or 
surgically remm. ed without serious consequences for the fur'1c tional 
capacity of the individual. IM contrast, it is virtually impossible 
to interfere significantly with brain structure without producing 
pronounced alterations in the functional integrity of the organism 
(Coursin, 1967). Studies of human brain growth by D6bbing (1968, 
1970, 1972) have demonstrsted clearly the occurrance of a human 
brain growth-spurt with-essentially the same sequential characteris-
tic~ as those found in other mammals. 
Data (Dobbing, 1970) from the analy~is of 200 normal human 
brains hc:lfe allowed three main conclusions: 
reveal a separate growth-spurt from 15 - 20 
1) DNA estirnationj 
weeks of gestation 
which is distinct from ths main period uf call division. The 
latter e>(tends from about 30 weeks of gestation to at J.sc-;st· the 
end of the first post-natal year, and probably until 18 months 
of age. The2early growth period is almost certainly neuronal; 
the later glial. 2) Regional differ~nces in grdwth rate and 
the general sequence of events in human brain growth are identical 
with those in all animal species studied except for the timing of 
events in relation to birth. The wide species ~ariation in this 
has already been noted and must always be considered in the in-
terpretation of the effects of nutritional insult. 3) The major 
growth-spurt period in the human brain is predominantly post-natal 
and applies particularly to the bulk of myelin which has to ba laid 
down before the arrival of the glial cells which make it. These 
findings indicate that in the human infant neuranal cell number is 
most probably fully defined before the end of intra-uterine life. 
Thereaftet cell replication is that of~ial cells through the first 
9 months of life, the process terminating by the end of the first 
year. However, myelination continues for many years thereafter, 
as does the proliferation of dendrite branchings and.other features 
of brain organisation, and adult brain weight in humans is achieved 
during adolescence {Dobbing, 1970; Winick, 1970). 
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Jackson pointed out in 1909 that in atrophic infants the brain 
continues to grow, so that emaciated infants Ban have normal brain 
weight. Donaldson (1911) formulated the concept of 'brain sparing' 
on the basis of evidence which indicated that brairi weight was un-
affected in the presence of an appreciable reduction of body weight 
achieved by post-natal nutritional deprivation. Supporting evidence 
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for the concept of 1brain sparing' was provided by Brown who showed 
in 1965 that although the brains of malnourished children at post-
mortem weighed absolutely less than those of the well-nourished 
children, when the brain weight : body weight was calculaterl the 
malnourished group had higher ratios, Alleyne and co-workers (1969) 
reported similar findings in a post-mortem study of 11 children 
who died of severe PCri1. The brain contributed a iarger percentage 
to the total body weight in the more severely malnourished children, 
and the authors repeat the suggestion that the brain is relatively 
well preserved in malnutrition. However, the water content of the 
brain was higher than in other tissues, and the bT~in ; body weight 
ratio may be a reflection of over-dyciration of the brain, or could 
be explained b~· relatively gre3ter wasting of the body. Thompson 
(1970) points out that changes in body or organ weight may reflect 
changes in body water and fat and have nothing to do with growth; 
the above results may therefore be misleading. 
The most striking eviden6e ag~inst the concept of 'brain sparing' 
is provided by I!Jinick and Rosso (1969) who compared the brains of 9 
children who had died of severe malnutrition before the age of 12 
months with the brains of 10 well-nourished children who had died 
acutely of accidents or poisoning, and brains of two foetuses ob-
tained from therapeutic abortions. The children who had died from 
severe malnutrition were all below the 3rd percentile for both 
height and weight and showed clinical evidence of severe nutritional 
marasmus. The brains of the 9 severely marasmic children all had 
reduced weights and reduced quantities of DNA, R~A and protein. 
In three cases the DNA content was only 40% of tha~ expected, 
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but these three had wsighed lass than 2 kilogram~ at birth. In 
all cases the OI~A/RNA Gnd DNA/protein ratios were normal, suggl:;st··. 
ing a n;duction in the number of brain cells in the ::Jalnourished 
children. It appeared that the younger the child when he developed 
malnutrition, the more marked the effebt on the brain. The data 
indicate that very little cell division took place from the J. • t.-J.ii18 
these children were exposed to severe malnutrition. 
A study of the brains of four malnourished infants aged 2 ~ 22 
months is reported by Fishman et al. (1969). In three of the in-
fants birth weights ranged from 2.5 to 2.8 kilograms and th~ effect 
of intra-uterine malnutrition can therefore not be sepafated from 
maln~trition during infancy. Estimations of cerebral lipids close-
ly linked to myelin membrane were consistently reduced in the white 
matter of malnourished brains when compared with controls. 
Studies of brain growth and prematurity provide further rele-
vant information reviewed ·by Birch (1972), Thomson (1972), and 
Winick (1973). In populstions of undernourished wcimen placentas 
are smaller and ~ontain fewer cells, and some of .the tissue changes 
a~sociated with undernutrition in ani~als have been found to occur 
in the placentas of undernourished wdmen. Data concerning the ef-
feet on the foetus are :nea~~re and indirect, but show that in 
small-for-dates infants from undernourished populations who died 
shortly after birth the cell number was reduced in all organs in-
eluding the brain. In infants who died during the first year of 
life of severe undernutrition, by far the greatsst deficit in brain 
cell number was present in the group weighing lsss than 2 kilograms 
at birth. When placentas from infants with int~a-uterine growth 
failure from well-nourished populations are studied 1 they can 
be divided into two groups~ in one the placentas are normal 
in size and contain a normal number of cells even though the 
infant is small; all of these infants had a major congenital 
malformation. In the second group the placentas were small 
and had a reduced number of cells; all these infahts were 
physically normal except for their small size• 
The first situation is caused by intrinsic abnormalities 
which manifest in both growth failure and congenital defects 
of structGre and form; the placenta is not affected. The 
second was caused by extrinsic factors (other than malnutrition), 
possibly by placental vascular in~ufficiency. The cellular de-
fects in these infants having small placentas were similar to those 
produced in rats by ligation of o branch of the uterine nrtery with 
consequent reduction of blood supply to some of the foetuses. 
A 20/~ reduction in body weight at term was accompanied with a 50/~ 
reduction of liver weight whereas brain weight was not roduced at 
all. The brain contained its full complement of cells wh6reas 
. liver 6ell cont~nt wa$ reduced to 50% of expectation. Only mild 
transient changes in tissue enzyme activity occurred in the brain 
in contrast to marked lasting changes in placenta and foetal liver. 
Similar effects have been demonstrated in monkeys when placental 
vascular insufficiency was achieved by partial placental ablation 
(Winick, 1973). 
A study b~ Davies and Davis (1971) divided 120 infants with 
birth weights below 1.5 ki16grams into two groups, viz. those who 
were small-for-dates (SFD) and those whose birth weights were 
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approptiate-for-dotes (AFD). A comparison of food intake and body 
temperature while in the nursery showed that under mor~ optimal 
post-natal environmental conditions, the growth of the AFD group 
was capable of 1catch-up 1 1 while the retardation (ptoduced in utero) 
of the SFD group was not reversible. This clearly focuses attent-
ion on the foetal environment during ths second and third trimesters 
of pregnancy. In this study the indices of growth were height~ 
weight and head circumference, but no psychological test evidence 
was provided for the assertion that "reversibility of retarded brain 
growth in infants of low birth weight depends on gestational age at 
the time of birth ·and the vigour of post-natal care." Another study 
by Naeye and co-workers (1971) of organ and cellular growth in dif-
ferent groups of infants born in New York City showed that the growtb 
of the foetus of the poor mother had been impaired. A raci~l classi-
fication did not account for the differences in organ sizes between 
poor and non-poor groups, except that the mean brain weight of i~-
fants born to poor Black mothers was significantly less than that 
of the infants of the Puerto Rican or White mothers. The cellular 
abnormalities observed were similar to those reported as resulting 
from placental insufficiency, and maternal undernutrition was iden-
tified as the important probable factor in the insult to ~he foetus. 
This may be related to reduction of pituitary growth hormohe 
(Nutr. Rev., 1972). The effect of gross maternal starvation such 
as occurred in Leningrad and Holland s~d Japan in the Second World 
War was a significant fall in infDnt birth weight, but there was no 
/ 
apparent effect o~ the length of gestation. Birth weight increased 
to pre-warc:levels tui th post-war economic improvement (Altman,, 1971). 
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This evidence indicates that the for-Jtus is not a 'perfect v 
par~site'; foetal growth as indicated by birth weight is im-
paired by mateinal nutritional depriv~tian, and the foetus is ~at 
entirely spared (Th6mson, 1970). Nor can it be stated with confid-
ence that the brain is fully spared over and above other organs 
and systems when the org3nism is exposed to nutritional deprivation 
during pre-natal or early post-natal gro~th. 
CH{\PTER 5 
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Af'JWAL EXPERI!ilf!HS :UJ THE STUQ,~_Qf-::_ BR~IN FUf·JCT{.ON If\! 
NUTRITIONAL DEPRIV~TION ------·-· ~--------~-----
Whilst the evidence of biochemical and structural alterna-
tions in the brains of experimental animals that have been mal-
nourished during critical developmental periods is clear-cut, 
the importance of these changes in terms of CNS function and 
the behaviour of the animal ltEs not been clearly established. 
In human studies very little data are available concerning the 
effects of malnGtrition on physico-chemical structure, but there 
is considerable evidence which suggests that brain function, in 
terms of performance on conventional tests of intellectual function-
ing and specific tests of perceptual motor functioning, is interfered 
with in children who experienced malnutrition during early infancy. 
Some of t~e evidence so far suggests that there is a relationship 
between the age at which the nutritional insult occurred and the 
degree of functional deficit, but a definite causal relationship 
between the malnutrition and the subsequent functional handicap has 
been difficult to establish. Apart from difficulties in inter-
species extrapolati6n there are Major difficulties in forming 
'cause-effect relationships between deficits of brain structure 
and deficits in brain function, and between the occurrence of 
malnutrition and subsequent deficits in cognitive function. 
The majority of investigations so far have been conducted 
either by paediatricians with an interest in psychological function-
ing or by psychologists with a bias towards behaviourism. Both 
favour a me~hanistic viewpoint. This explains the attempts of 
most workers to find a dira8t cause-effect relationship in 
mechanistic terms !x::tw1:;2n dC?.ficient nutrition ;.md structural 
deficit en the one hand, and between. structural deficit and 
functional deficit on the other. If U'a accBpt Birch's (196/i) 
definj_ tion of 'brain damage 1 as referred to ''c:: behavil1U:r syn-
drome and not to the fact of 'brain damage' as such", then we 
can hypothesise that the functional oxpressions of this type 
of bruin d21mage are dafici ts in behaviour, motivation) lear.riing 
ability, and intGlligence~ producGd not only by the organic? 
biochemical or somatic aspacts of m3lnutrition. (Mbntagu, 1971). 
The parameters of this type of 1brcin damage' aro difficult to 
delineate in humans; behavioural expression of cortical.and ~ven 
sub-cor-ticDJ. functions in man is both qualitatively and quanti b-
tively far removed from some of the animal species studied indica- · 
ting a need for the utmost caution in interpretation and extrapo-
lation. Clarke (1968) states: 11 It is possible that, with rapid 
maturation in a hostile natural world, early leatning may have a 
very different function in animal a~'> opposed to human development." 
Added to this is the difficulty introduced by the well recognised 
f~ct that severe ~.Jrowth retsrdation together with the syndrome of 
behavioural, intellectual, and. cognitive retardation which closely 
mimics the syndrome frequently associ2ted with malnutrition, can 
result from social and emotional deprivation in the presence of an 
adequate diet (Bakwin, 1949; Powell ot al~, 1967). Interp:retati.rJn 
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of the animaJ exper.imRntaJ. work is furtr18r confounded by the wel.l 
known work of Rosenzweig, Krech, Bennett and Qj.amond (1968) and 
Levine (1968) demonstratihg the effects of early stimulation on 
Ci~S development. 
Experiments aimed at Examining the influence·of early drive 
6c:: .J 
deprivations upon later behoviour have been conducted by psychologists 
using several animal species over a long peiiod of time~ Investiga-
tiona of this type reviewed by Bronfenbrenner in 1966 have shown in 
general that the deprived animals have an increased drive for food 
or water, which is particularly noticeable if the animals ~r~ not 
satiated at the time of testing (Bar~es, 1967). The tendency to-
wards an increased drive for food or water lessened or even dis-
appeared completely on resumption ~f an ad libitum diet if the food 
deprivation had been initiated twelve days or more after weaning. 
Several investigatibns led to the conclusion that the drive dopri-
vation, rather than altered learning capacity, enhanced the animals 
geneml activity level and its .ability to solve drive-relevant pro-
blems. Another type of drive deprivation involves an increase in 
the size of litters being nursed by a lactating female rat so that 
the suckling pups are relatively depriv~d of milk. Adult animals 
that were exposed to this feeding frustration were found to be more 
successful in competition for food, and hoarded significantly more 
food than control ani~als. 0 1Amato reared rats in litter sizes of 
4, B, and 16 per nursing female and using rewards of drinking water 
and sucrose solution found that litter size had no effect on either 
discrimination or discrimination-reversal learning when tested 
soon after weaning or in early adulthood. l~t et al found that rats 
raised in litters of three ~ere physically more active, moved about 
and groomed themselves more fre~uently, than rats reared in litters 
of 15 - 20. 
Attention was given to the specific nutritional effects of 
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ly~ine deficient diet to a group of r5ts from ~5 days of age, and 
artificially underfed anothsr group with a diet adequate in pro-
tein. Both the protein restricted and the underfed rats made mare 
errors in a maze than the controls. After ref~eding with a good 
diet, the differences in maze performance disappe~red. Bsvan and 
Freeman (1952) fed a diet low in lysine from 30 days of age and found 
no difference in maze performance with a group of rats whose food 
intake had teen restricted ao as to provide a body weight equal to 
that of the lysine-restricted group. A study by Andriasov in 1952 
indicoted that when the regular diet and the reward diet were the 
same, there were no demonstrable differences in maze performance 
between rats fed l~w protein and normal protein diet. !n 1954 
Griffiths and Senter reported that rats receiving a protein-free 
diet l!lere suporiot in maze performance to rats being fed e protein·~ 
rich diet when the protein-rich diet was used for reinforce~ent. 
If the protein-free diet was used as a reward, the deficient rate 
showed inferior performance. 
An early study by Cowley and Griesel (1959) has provided one 
of the clearest demonstrations o~ impairment of learning behaviour 
in rats following on nutritional restriction. These investigators 
fed groups of male and femalo rats on diets of nutural food ingred-
ients which differed in percentage of total protein; the high· 
protein diet contained 20.1% protein, the low protein diet contained 
12.9% protein. The rats were tested in Hebb-Williams dry maze which 
emplo)'Od a food reinforcement. No significant eli fferenco in the 
maze performan6e was found between the. original oroups of rats, but 
,.._ ~- ---
after breeding, the first filial generation showed a highly sig-
"'-
nificant lowering of scores in the male rats receiving the low 
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protein diet. No significant differences were found in the females. 
Because the two diets were fed throughout the life span of the ani-
mals, it is possible that the effects on behavioural performance 
were due in part to maternal deprivation, although this was mini-
mised by ad libi tu.E feeding thrcughout the preservetion of litter 
configuration. It is also possible that the differcinces in maze 
performance were due to differences in drive~ the rats receiving 
the higher protein diet not only showed better maze performance 
scores, but their lapsed time to reach the goal was much shorter 
and there were fewer signs of emotionality, which suggests that 
an increased drive in these animals may have led to their superior 
performance. 
In order to avoid the confusion of the use of a food reinforee-
ment in animals that have an altered drive ·for food as a consequence 
of early nutritional deprivation, some investigators have made use 
of the water maze for measuring le~rning behaviour. In 1936 
Berhardt fed diets containing casien in proportions varying from 
0- 177~ to groups of rats. When testeci in a water maze, the rats 
receiving the o% casien diet made more errors than thos~ receiving 
the 17~~' but the differences wc-:1re not significant. Pilgrim et al. 
(1951) compared rats fed on low and high protein ·diets from the 3.!'>th 
to the 50th day of life. No significant difference in performance 
was found on water maze trials at 74 days of age. 
A further approach to the investigation of the effect of early 
malnuttition on later behavio~r has been the attempts to stimulate 
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human phenylketonuria by feeding excess.i\1e phenylc'llanine to young 
animals. A re1J5.ew by Karrer and CahiJ.ly in 1965 lnC1CGtes that 
attempts to develop a permanent behavioural abnormaJ.i ty by feeding 
phenylalanine to rats for short periods of time after weaning have 
been unsuccessful; the results have been variable when the phenyla-
lanine was fed during. early post-natal lifet but a positive result 
was obtained when excessive phenylalanine was fed to female rats 
both before and after parturition. This result was in agreement 
with the hypotheses of increased vulnerability during critical 
periods of development reviewed in Chapter 3. However, the behaviour-
al changes resulting from a dietary excess of phenylalanine in rats 
could be attributed to specific toxic effects of phenylalanine 
metabolites rather than reflecting an influence of PCm. 
The relationship of specific vitamin and mineral dietary defi-
ciencies to CNS performance ha~ also been investigated (Coursin, 
1967). Particular attention ~as been given to the 86 group of 
vitamins because of thei :r vi tal enzymatic function in amino-acid 
metabolism. Experimental vitamin 86 deficiency results in gross 
behavioural abnormalities including hyper-irritability with a 
lowered threshold of stimulation, and convulsive seizures. Be-
havioural changes are reversible provided sufficiently large doses 
of the vitamin are administered before the onset of irrev~rsible 
secondary alterations in cerebral fuhction occur. The preferential 
protection of the brain at the expense of other tissues was illus-
trated in 1963 by UJeber and Uliss who demonstrated that experimental 
vitamin 86 deficiency in rats may produce a reduction of the vitamin 
content in liver to 9% of normal values, while the level in brain 
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persists at 76%. In spite of this evidenca of 1 b~oin sparing 1 it 
is important to nato that the control ond low-protein diets ussd 
by Cowlay 8nd Criesel (1959) differed alsc in concentrstions 
of vitamins and minerols, type and amounts of fat, carbohy~rate, arid 
bulk, and differed in protein quality. Specific amino-acid defi-
ciencies can cause structurol and functional lesions of the CNS. 
Scott in 1964 reported that a synthetic valine-deficient diet fed to 
young male rats for 22 days, ~nd to older male rats for 70 days 
produced inco-orcination and circling behaviiour as f(mctional 
manifestations of CNS alterations demonstrated histologically as 
myelin degeneration, and na:.Jronol deterioration af the deep nuclei. 
Functional signs of CNS damage which was verified by histology 
have been obseived by Platt, Stewart, and co-workers in ratsl pigs 
and dogs, weaned fro~ well-nourished mothers and then allowed 
ad libitum feeding o~ low-prbtein diets (st~wart, ¢lott, 1968). 
In pigs, this regime retarded physical development --' . anu progressJ_ vo~ 
ly reduced the appetite until a marasmic condition developed. This 
could then be converted by assiduous feeding of carbohy~rate or 
fat to one resembling kwashiorkor with oedema. After only four 
days of restricted diet, the rats developed spasmodic trembling of 
head and fore-paws. The pigs be~an to walk on tip-toe with a 
1hobble-skirt 1 gait with evidence of inco-ordination of .the hind 
legs. The dogs became hyper-irritable; . EEC changes were demon-
strated, and periods of loss of consciousness and convulsive seizures 
w~re reported. The clinical condition of these animals improved 
after a short period of rehabilitation. 
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function was ov3luated using classical Pavlovian conditioned-
response development followed by extinction of the response in 
pigs. No difference in the speed of d8velopmont of the conditi~ned 
response in molnourishad and control pigs was noted, but whon at-
tempts were made to extinguish a well established conditioned-response, 
it was found that the control ~nim3ls extinguished quite rapidly, 
whereas the proviously malnouri.shed anim2ls had a greatly prolonged 
pedod of trials before the conditioned-response disappoarerjJ ~nd 
some animrils did not distingui~h at all. (The conditioned-stimulus 
was a change of light intensity and an electric sho~k provided the 
unconditioned stimulus). In order to refine the test procedure and 
obtain a more quantitative estimate of conditioning and extinction, 
a modified Skinner bcx was used to establish a 0egree of condition-
ing quantitatively. The result~; clea·J.y confirmed the earlier 
investigation; the early-restricted and control pigs develo~ed t~e 
conditioned response at the same rate, but the control pigs extin-
guished the condi tionad responsG much more rapidly than the expr~ri-
mental animals. Interpretation of this behavioural change is not 
clear~ but the author notes a more pronounced subjective response to 
the shock in the experimental animals which could not be accounted 
for by differences in pain threshold, oltbough difference in elec-
trical resistance of the body to the irn~>osed voltage did occur 
between the experim~ntal snd the contt~l animals. The elevated 
emotionality of thess animols could bm expected to have had an 
effect on the qu~ntitative aspects of the conditioning; it is 
tempting to suggest that the resistance to extinction in these 
71 
animals is akin to the 'experimental nauroses 1 pjoduced in animals 
by masserman and others in the l940 1s. Reference to Dobbing's 
(1972) demonstration that the timing of the pig brain growth-spurt 
paralleled that in humans more closely thah any other animal species 
highlights the significance of this work. 
Barnes and Frankov~ (1967) have reported on an investigation 
using rats that has provided evidence that nutritional deprivation 
• 
in early life may result in long lasting and possible permanent 
learning-behaviour abnormalities. An experimental design for the 
production of nutritional growth retDrdation which provided four 
experimental groups was carried out as follows: litter size was 
adjusted to 8 and 16 neonates per lactating female respectively. 
Im~ediately following weaning both groups were split and given 
diets containing 3.5% and 22% casien respectively for a period of 
8 weeks, after which the nutritionally deprived groups ware rehabi-
litated completely. Control groups were suckled normally and fed 
a normal diet after weaning. Males and females wer~ studied sepa-
rately but exposed to identical treatment. Growth curves of the 
rats showed that some permanent retardation resulted from the early 
nutritional deprivation. Visual discriminative learning-behaviour 
was assessed using a Y-shaped water maze. A significant difference 
in error scores was found in the male rats representing the two ex-
trem~s of treatment, i.e. controls versus those deprived both pre-
and post-weaning; the pre-weaning restricted rats also made more 
errors than the controls. No significant difference was found 
between the groups in female anim~ls supporting the findings of 
Cowley and Griese!. Increased expression of emotionality was 
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observed in the rats nutritionally deprived pridr to weaning only; 
the two groups that had been fed the protein-deficit dj_et post-
weaning were, in contrast,. calm when exposed to new test procedures. 
The same pattern of ~motionality was observed in male and female 
animals, although the females appeared to be less affected. Since 
there was a motivational difference between the two groups, the 
authbrs conclude that early nutritional depriv~tions in these 
animals have res~lted in a decreased learning capacity as well as 
changes in other behavioural characteristics. The clear-cut sex 
di(ferentiation in effect is interesting and awaits interpretation. 
More recently these authors have extended their investigations 
using a similar design combining and separating the·variables of 
pre-natal and post-natal nutritional deprivation, followed by com-
plate rehabilitation (Barnes and Frankova, 1969). Evidence of ex-
aggerated anxisty on the basis of drive deprivation was aga~n found 
to occur to a significantly greater degree in male rats that were 
nutritionally deprived both pre- and post-weaning compared with 
females subjectmd to the same dietary regime. All rats suckled by 
protein deficient mothers show8d increased exploratory behaviour; 
after weaning the explorDtory activity in the deprived males was 
intensified over .that of the controls while protein or calorie 
restrictions were still being imposed. The intensification was 
even greater in females, and higher in the calorie-restricted than 
in the protein-deprived rat. After rehabilitation, exploratory 
activity of all previously malnourished groups tended to decrease, 
the tendency towards reduced exploratory activity being greater in 
the males. At the age of 95 days, rehabili t.a t<'d rats representi,ng 
all four nutritionally deprived groups were not significantly 
different from the controls in learning of avoidance responses in 
an aversive conditioning situation. However the m~lnourished rats 
exhibited increased excitability, and inability to delay or ex-
tinguish the conditioned-respon~e. 
The more recent results of Cowley and Griesel (1963) using 
their trans-generational design to establish malnutrition and re-
tardation of physical development in rats, are similar. The off-
spring of previously malnourished female rats were less active 
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after weaning than control animals being the offspring of rats fed 
stock diet. Even after a long period of post-weaning rehabilitation 
on stock diet, the offspting of previously malnourished females 
showed significantly higher error scores on the Hebb-Williams maze 
than did the controls. f:!ultigenera tional effects of inadequate 
nutrition were reported, and the data indic.:;teci that the nutrition-
al environment which the mother had experienced in utero and during 
the first five post-natal weeks of her life, influenced the ratE: 
• 
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of early physical de\iflJ.op:nent of her: oFfspring. · The study demon-
strated that correction of growth retardation provod an unreliable 
indic6tor of behavioural rehabilitation. 
As in the human studies investigating the relationship between 
ftinctional deficit and previous nutritional deprivation, so also 
in animal studies does the deprivation of food produce behavioural 
alterations which are not relc;ted to the nutritional deficiency ~;: 
se. Thus alterations in drive and motivational factors complicate 
the interpretation of the functional differences between well 
nourished and ~reviously malnourishe~ animals. Whilst the evidence 
so far is inconclusive, it does suggest that the behavioural altera-
tions in previously malnourished animals are at least in part due 
to deficiency of s~ecific elements in ~he diet. Protein appears 
to be significant~ and the evidence of 1coarse 1 CNS dysfundtion 
in the form of seizures and loss of consciousness is striking in 
,· 
spite of the difficulties in the demonstration and evaluation of 
impairment of higher CNS function. Complementary evidence is pro-
vided by n.ewner et al. (1962) who demonstrated inhibition of 
learning, loss of memory, and disorientation in mica when protein 
synthesis in the brain was inhibited by puromycin. 
In discussing the disappointing results achieved by experiment-
al animal studies investigating the effects of nuti·i tional deprivation 
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in early life upon adult le~rning behaviour Barnes (1967) comments 
that: "It would appe&r that. a major difficulty has been a lack of 
nutritional knowledge on the part of the experimental psychologists 
who have conducted most of the studies in this area and a lack of 
knowledge of experimental psychology on the part of the nutritionists 
who have been responsible for some of these studies. This is certain-
ly one area of research in which we need inter-disciplinary team work, 
and hopefully in the future there will b~ more contributions reflect-
ing the joint effort of both psychologist and nutritionist." 
Two main questions ari~ing out of these studies require clarifi-
cation: What is the significance, in terms of function, of the 
structural CNS deficits demonstrated in animals; what meaning does 
the decreased exploratory behaviour, reduced maze learning ability, 
and defective extinction of conditioned responses have in terms of 
the overall learning capabilities of the animal involved and what 
relevance do these have forhuman intellectual functioning? No one 
can afford to ignore the important body of evidence emanating from 
animal experiments wiih their superior techniques of control, and 
the possibilities that they offer for the isolation of single 
variables (Dobbing, l972a). However, interpretation must consider 
the fact that many experiments impose a severity of insult which 
would hardly allow survival if analogously applied to human in-
fants (Clarke, 1968). 
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The direct causes of irreversible g~owth retardation due. to 
malnutrition are not clear. The presence of regulatory systems 
which are involved in controlling the rate of cell division and 
growth in various tissues make the simple explanation of inade-
quate supply of structural materials seem unlikely. For example, 
in contrast to earlier theories that protein synthesis cannot take 
place at the synapse, Gordon and Deanin (1968) have shown that, 
in vitro at least, this is possible. All the requirements for the 
operation of a transport mechanism for protein destined to be the 
source of amino-acids for new protein at the synaptic endings are 
present. Potentially a mechanism is provided whereby neuronal 
structures are protected against at least short term variation in 
the SUiJply of essential amino-acids to the whole organism. 
Winick and Noble (1966) found that raising rats in large litters 
from birth to weaning resulted in a proportional decrease in the 
weight, protein, RNA and DNA content of all organs, including the 
brain, indicating a reduced cell nu~ber without alteration in cell 
size. These animals failed to recover normal growth when re-fed 









42 days of age showed a proportional reduction in weight~ protein, 
RNA, and DNA in most organs except the lungs and brain. In these 
two organs, the protein and DNA ratios were reduced but not total 
DNA, indicating that the cells were smaller in size but their total 
n~mber was unaffected. Re-feeding foiled to restoro the number of 
cell~ in those_organs in which cell number was reduced, whereas 
the lungs and brain regained normal size. Dietary festrictions 
from 65 - 86 days of age led to a reduction in protein and RNA 
concentration without affecting DNA in all organs. These studies 
indicate that nutritional deprivation differentially affects cell 
size and cell number depending on the developmental phase of the 
organ at the time of the insult. The biain appeared irreversibly 
damaged only by nutritional deprivation prior to weaning in rats; 
when cell size only was affected, recovery took place on re-feeding, 
whereas a reduction of cell number w~s not improved during rehabili-
tation. 
. Evidence for the effects of re-feeding on functional changes 
in animals following nutritional deprivation am comp1imentary. 
The gross signs of CNS dysfunction produced in animals by post-
weaning dietary restriction by Stewart and Platt (1968) were re-
versible after a short period of ·re-feeding. However studies of 
learning behaviour using food reinfor£~ment are difficult to 
78 
interpret because long-term effects 6f eorly nutritional 
deprivation on feeding behaviour on~ food motivation have been 
demonstrated to persist beyond rehabilitation. The use of learn-
ing situations based on aversive reinforcement which do not in-
valve food, do not remove the di fficu.lti8s in interpretation 
since early malnutrition modifies sensi tlvi ty to such neJ2 tivf; 
_,_. 1· (l . t ' ..t EJI s~1mu 1 ev1 ·sKy anu arnes, 19 70). 
Guthrie and Brown (1968) showed that depressed cholestrol 
levels in malnourished rats were irreversible if undernutrition 
was extended uhtil 5 weeks of age, but were restor~d to ~ormal 
if rehabilitation occurred im~ediately after weaning. This 
suggests another vuln~rable ~oriod occurring after weaning at 
Gbout 3 t:;eeks of c;ge thst r813tes b myelination of the brain, 
aftsr which the brain bocomas resistant to deprivation. 
Dickerson End Walmsley (1967) reported that rats undernourished 
frorn weaning until 11 weeks of age could be rl3habilitc;t8Li totally 
if re-fed for 2 - 8 weeks, after which no reduction in DNA-P 
concentr2tion of the brain was found. Evidence of compensatory 
mechanisms was prouided by Dobbing and Widdowson in 1965 
(quoted by Altman) who demonstrated that undernourished 11 
week old rats acquired three times the amount of cholestrol 
found in well-nourished control animals over an 8 week rehabili-
tation period. 
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systems controlling the rate of cell division. These liJO:rker.s ob-
served that the '.permanent 1 growth retardation in the offspring 
of r~ts subjocted to dietary r-estriction during gestation and lac-
tation could not be corrected by subsequent refeeding 1 but was re-
stor~d to normal if the animals were given injections of pituitary 
extract or growth hormones. Small pituitary glands with a lovJ 
concentration of growth hormo~e were reported in the malnourished 
animals. The hypothesis that pre-natal malnutrition could cause 
irreversible undersecretion of growth hormone and thereby growth 
failure of offspring has been fu~ther tested using radioimmunoassay 
and bioassay techniques • The wei~ht of the pituitary in mal~ 
nourished rats was 60% of the controls and the growth hormone con-
t~nt per pituitary was about one third that of the control groupQ 
Plasma growth hormone levels were also found to be lower iA the 
underfed group. The authors suggest that a deficit bf cellular 
growth may be a primary effect of undernutrition of the adreno-
hypophysis, or that pituitary growth hormone .content may be re-
duced due to abnormal development of the hypothalamus and under-
secretion of growth hormone releasing factor. By means of similar 
mechanisms malnutrition may serve to alter the ptoduction and ~e-
cretion of other hormones, and since relC3tionships between hormone 
.. 
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secretions and abnormal behaviour are well established, these 
studies may contribute to an understanding of the functional and 
behavioural abnormalities following malnutrition in animals. 
Consideration of the role of growth hormone and the effects 
of depressed secretion -on growth and development may also provide 
a link between, and elucidate the similarity between the syndrome 
of retardation related to malnutrition anci the almost identic2l 
syndrome associ2ted with emotional deprivation and environmental 
under-stimulation. Rosenzweig et al. (1968) and Bennet et al. 
(1969) have shown that rats ·exposed to ~ifferent environments show 
characteristic changes in brain weight, enzymatic activity and depth 
of cerebral cortex. Impoverished animals were caged singly, colony 
animals were housed 2 or 3 per cage, and enriched animals 10 or 12 
per large c~ge with toys. Dry weight, dspth of cerebrol cortex~ 
enzymatic activity, and problem solving behaviour were increased by 
exposure to the enriched environment as compared with standard colony 
and impoverished conditions.(Henderson (1970) found that an enriched 
environment resulted in increased brain weight in mice. Thompson 
and Heron in 1954 showed that pet-reared dogs behaved more i~telligent-
ly in a variety of situations than their litter mates who had been 
caged for tha first 8 months of life. Cooper and Zubek (1968) have 
shown using rats that different environmsnts in different genetic 
... ---~- .... , 
lines may serve to ei. th(:H' d~:velop or. dep:cess problem solving 
capacities. Two lines of animals whose maze solving ability had 
been developed progressively by seloctive breeding were studied. 
When rats from the 1 bri~ht 1 and 1dull 1 lines wore raised fore 
whole generation in a restricted onv.Lronf7lent which differed from 
the normsl laboratory environment, no differences between the 
genetic strains could be detected, and both performed almost 
equally well when both were raised in the same stimulating 
environment. When both groups were raised in a normal environment 
the difference in error score was significant. 
Th~ work of Spitz, Goldfarb, Bowlby and Dennis concerning. 
the long term effects of early deprivati~n on cognitive develop-
ment has been examined critically by Clarke (1968) who stresses 
the resilience of children moved from an impovErished into an 
enriched environment. In 1967 Pciwell, Brasel and Blizzard des-
cribed the syndrome of psoudo-hypopituitarism occurring in child-
ren from an emotionally disturbed background in the presence of 
an adequate diet confirmed .by normal serum proteins. Growth and 
intellectual functions improved during rehabilitation in hospital, 
but lapsed on return to the home environment. Engel et al. (1956) 
described gr~wth failure in hospital in infants fed by gastrostomy, 
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contrasted by significant weight gain in an adequate home en0ironment. 
An important ongoing study on the effects of stimulation during 
rehabilitation of malnourished children (Yaktin et al., 1970, 
1971) shows that the benefits of increased stimulation fade 
after return to the home environment (see chapter. 2). It seems 
clear frbm thes• studies that the effects of adverse early ex-
perience are r~versed at least in part by im~rovement in environ-
mental conditions but lasting gain is dependent on subsequent 
reinforcement. 
Whilst there has been a preoccupation with the effects of 
reduced nutrition, some studies of the effects of early over-
nutrition have been carried out. Extensive studies by Widdowson 
82 
and McCance, and Dobbing have demonstrated that increased con-
sumption of maternal milk during the first days of life would 
accelerate physical growth and development of the CNS (Nutr. Rev., 
1971). Animals raised in small litters weighed twice to three times 
normal at weaning and maintained their superiority throughout life. 
Winick and Noble described in 1966 an increased number of brain 
cells in rats reared in small litters compared with those reared 
in normal sized litters. Lat, Widdowson and fl1cCance (1961) found 
an increased level of exploratory activity in new environment in 
fast growing rats compared with slow growing rats between the 21st 
and 49th day of age. 
frlore recently in 1970 Franlfova investigated the behavioural 
activities of rats ~erived from litters of 4, B, and 17 animals. 
Animals from litters of 8 were r~garded as controls for those from 
small litters (over-nourished) and'those from large (under-nourished). 
One-half of the animals from each group were f~d a low protein, 
'· 




period of protein restriction. These animals llJere then fed the same 
basal diet as the rest. Spontaneous exploratory activity, habitua-
tion of the exploratory activity, and ability to develop conditioned 
responses were examined et various times over a period of ono year. 
No permanent behavioural superiQrity was demonstrated in over-
nourished rDts. Increased explorato:;:y activity in the over-.fed 
animals w~s recorded duting the early phases of growth coinciding 
with development of CNS and motor structures, but this was reduced 
after the 19th day of life. The adult behaviour of the over-nourished 
animals was in many respects similar to that of the underno~rished 
animals and usually inferior to the controls. In another paper 
,I 
Frankova (quoted by Winick, 1970) reportsd that rats super-nourished 
for the first 21 days of life ~hawed subsequent learning deficits. 
Thus both undernutrition and over-nutrition in pre·-weaning rats tuill 
result in persistent functional alterations of the brain, and over-
nutrition prior to weaning did not protect against the consequence 
of protein deprivation after weaning. The r~sponse to certain 
pharmacological and psychological stresses was similar in the over-
nourished and under-nourished animals. 
The results of these studies raise' important J •• quest.l.ons. The 
structural and biochemical changes in the brain followirig neo-natal 
nutri tiona.l deprivation are quite different from those following 
over-feeding. In terms of cell number, they are opposite. In 
contrast, the behavioural chenges are quite similer. It may then 
be possible that the biochemical changes in the brain that have 
been reported to follow on malnutrition imposed in pre-natal and 
early post-natal life have little functional significance 
(Nutr. Rev., 1971). On the other hbnd the environmental changes 
brought about by manipulating litter size may have a significant 
effect on the structure and function of the brain and CNS which 
is being reflected in these investigations. 
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OV ERV I EUJ 
An attempt to gain perspective in the study of malnutrition 
and intellectual development must focus attention on two inter-
related but distinctive aspects of the problem: 
Firstly, what are tile methodological problems, and what limits do . 
·they place on the reliability and validity on recent research 
findings; how can the difficulties be expected to effect results 
of future studies and how can thes~ difficulties be overcome? 
Secondly, what conclusions can be drawn from the mass of diverse 
research approaches to the problem, and what further research 
directions are suggested which are likely to produce meaningful 
and useful information? 
mETHODOLOGICAL PROBLEi"iS 
Studies attempting to relate malnutrition during early life to ./ 
later intelle~tual development have been both retrospective and pro-
spective in design (Nutr. Rev., 1970). Retrospective studies define 
children who have been malnourished at an earlier age, and compare 
them with children who were not malnourished. Such st~dies have 
the1advantage of being able to collect relatively large numbsrs of 
children in a short period of time, but suffer from the disadvantage 
of poor def~nition of the nutritional state during the critical 
period being examined. Frequently the nutritional status data 
are only available from historical information on hospital charts 
and will vary in reliability. Control populations must also be 




experiments l group in all other resp ec t.s. The dH ficulties 
attending the selection of such control groups are obvious in all 
studies so far undertaken; so far no study has successfully achieved ./ 
complete control over all the non~nutritive variables which have an 
effect on the development of intellectual functions. Attempts to 
overcome the difficulty of control by the use of siblings suffer 
from the danger of controlling out the independant variable. In 
such studies it is probable that the control sibiings suffer from 
a similar degree of chronic sub-optimal nutrition (~dietary sub-
nut:r.i ti on~ defined by Brock in 1961 as any impairment of functional 
efficiency of a body system which can be corrected by better feed-
ing) and differ only from the index cases in the absence of any acute 
episode of nutritional disease. Why some children in a chronic~lly 
sub-nourished population experience an acute episode of nutri tiona! 
illness, and why others who appear equally malnourished when com-
pared in tsrms of deficit in expected height and weight do not 
succumb, is an interesting question introducing a further set of 
variables which are difficult to account for. 
In contrast to retrospective studies, pro~pective studies usually / 
have fewer children available for study, but the nutritional status 
is evaluated by the investigator himself in both the malnourished and 
control groups. The advantage of this type of approach is that bette~ 
nutritional infor~ation is available and the selection of controls 
is made at the time that the study population is defined. Both 
groups can then be followed concomitantly. The problem with this 
typs of study is the economic one - a longer period of time is re-
quired to study a smaller number of children. 
The serious methodological problems to be faced in clinical 
studies of intellectual and motor development in childrBn treated 
for malnutrition have been referred to in Chapter 2. The many 
variables that have to be considered an.d, if possible controlled, 
include: 
1. The conditions and duration and hospitalisation to which the ./ 
child was exposed. Geber and Dean (Courrier, 1956) stressed 
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the importance 'of the mother/child interaction during hospital-
isation as a crucial factor in the rate and degree of physical 
and mental recovery shown by children suffering from kwashiorkor. 
Whilst this problem applies more specifically to those studies 
conducted during the immediate recovery period, possible long-
term effects of hospitalisation may provide variables in long-
term follow-up studies which are difficult to control. 
2. The age of the child at onset of malnutrition has varied con- ~ 
siderably in the pop~lations studied, and in terms of hypo-
theses of critical periods of vulnerability i~ brain and be-
havioural development may represent a crucial condition of the 
effect of the independent variable. In retrospective studies 
it is sometimes impossible to establish the exact age of on-
set. Whilst age on admission t6 hospital is used to indicate 
the ag~ of onset of an acute episode of PCm, it provides actually 
an approximation of the duration of chronic untreated malnutri-
tion. Cravioto and Robles (1965) found that there was a greater 
persistence of low performance scores on adaptive behaviour on 
Gesell Scales in those infants who were under 6 months of age 
at the time of treatment compared with those who were'over 
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6 months of age and this was. confirmed by Yaktih (1971). Con-
verse1y Chase and martin (1970) found that children admitt~d to 
hospital with severe undernutrition after the age of 4 months 
were more severely impaired than those admitted within the first 
4 months of life, who did not differ significantly from their 
controls. Similarly Evans (1969) found n significantly lower 
mean intelligence score in both ex-kweshiorkor subjects and the 
siblings of the group admitted to hospital aged 16 - 48 months 
when compared with the group admitted between the ages of 10 - 15 
months. These findings suggest that both the age at which the rna-
jor nutritional insult occurred as well as the duration of mal-
nutrition are significant independent factors. 
3. The social, economic, and family ecology from which the child 
comes are perhaps the most difficult factors to control, and 
their effects on the development of intellectual functions, 
cognitive and motor skills have been abundantly demonstrated 
in psychological, socio-demographic and anthropological studies. 
M~nckeberg 1 s {1972) study illustrates this difficulty: even 
c~ildren w{th acceptable nutritive conditioMs (as evidenced 
by optimal growth) in the low sbcio-oconomic group showed 
lower IQ values than preschool children belonging to groups 
drawn from a better socio-economic level. The use of intra-
familial controls does not overcome this problem entirely be-
cause of tempor~l variations in the economic stability and in-
ternal psycho-dynamics of the family. Additonal variations may 
be introduced by geographic mobility. 
4. The intellectu.sl a:·td ec:ucational level of the_parents is/ 
supposedly controlled by selection of comparable groups in 
some studies. At best this method cannot hope for more than 
minimel control, and intra-familial control provides the only 
answer to this difficulty with a known e>,pectation for between-
sibling IQ correlations. 
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5. The type of mCJlnutrit.ion present in the subjects studied has / 
varied across the entire range of the PCm spectrum. Different 
effects may result from a diet deficient mainly in protein as 
oppoced to one deficient mainly in calories. Variations in 
other specific mineral and vitamin dietary elements are also 
likely to have occurred in previous studies, and the role of 
infection or other supervening factors in precipitating the 
acute episode of malnutrition may also be relevant but uncon-
trolled. Liang's (1967) study is the only o~e which singled 
out a s'pecific vitamin deficiency in adcli tion to Pcr-n. The t./ 
type of malnutrition prevalent is likely to be related to 
availability of various food types and will therefore vary from 
one geographical region to tho next. Furthermore the degree J 
of urbanisation and industrialisation will also influence atti-
tudes to breast feeding .and the degree of chonge in traditional 
child feeding and rearing practices. Thus in less developedJ 
areas where breast feeding remains relwtively prolonged the on-
set of malnutrition is likely to be relatively l~te and the type 
more typical of kwashiorkor, whereas the urban slum is likely to 
impose weaning and poor nutrition from an earlier age resulting 
in an earlier and more marasmic type of illness. Severity of 
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illness has not been controlled, 2nd in some histological studies 
the children had ~ of rnalnutri tion (UJinic~ and Rosso~ 1969). 
A further uncontrolled variable is the degree of mate :mal m:Jlnutri tion.v 
Few studies have taken birth weight :Lnto account, but the significance 
6f maternal malnutrition has been suggested by Ulitkop (1967), Birch 
(1972) and UJinick (1973). \1 C\o 
STATUS OF CURRENT KNOWLEDGE 
An evaluation bf the current knowledge in the field of malnutri-
tion and intellectual development can be addressed to two main 
'questions, viz. l) what consequen6es does protein-calorie malnutri-
tion in early infancy have for subsequent intellectual functioning 
of the individual and 2) can the mechanisms or processes be iden-
tified whereby the effects of early protein-calori~ malnutrition and 
later intellectual functional deficit are mediated. 
The studies reviewed in Chapter 2 leave little doubt of a 
relaiionship between PCm in infancy and later deficit in performance 
on tests of psycho-motor and intellectual functions. The causal 
relationship between the antecedent malnutrition per se and the 
functional deficit has been inferred but never conclusively demonstra-
ted in human studies because of the difficulty in isolating malnu-
trition as an independent variable. The extent to which malnutrition 
on its own is an effective faritor in interfering with the development 
of intellectual functions remains an open question. Attempts to re-
sdve this question using animal studies have achieved more success 
in isola':ing malnutrition as an independent variable but do not 
offer a total immunity to the methodological difficulties o.f con-
trolling other significant independent variables. 
Drive deprivation alone influences the animals' behaviour, and 
functional and structural changes that have been shown to result 
from increased handling and tattual stimulation may confourid the 
issue when litter size i~ modified. · However these studies indi-
cate that there are critical p~ricds in the development of the 
CNS and brain as a cellular and biochemical system during which 
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its morphological and ·biochemical structure is vulnerable to the 
effects of malnutrition. Conversely, opposite morphological and 
bi6chemical effects can be produced by inverting the independent 
variables viz. by overfeeding oi supernutrition. The problem 
arises from the. fact that these ·two opposi t.e extremes of treat-
ment in animals produce similar functional, behavioural deficits. 
Thus inference bnly relates cell size and cell number to function-
~1 disability in maze performance or conditioned response formation; 
the consequences, in terrns of behavioural func.tion, of the mor-
phological, biochemical and enzymatic alterations in the brain pro-
duced by rnalnutri tion during critical developm-ental periods have 
not been fully established. 
Some pcrallels exist between the behaviour of previously, mal..; 
nourished animals and pievio~sly malndurished children. Barnes 
{1967) demonstrated repeatedly that previously malnqurishod animals 
showed no difference in rate of developing a conditioned reflex) 
but the rate of extinction of the conditioned reflex was signifi- · 
c~ntly prolonged. In humcns, Klein et al. (1972) using heart rate. 
as the dependent variable, demonstrated a ~ignificantly different 
pattern and slowerrate of habituation to pure tone stimuli between 
normal infants and those rehabilitated af~er severe nutritional 
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marasmus. Similar differences in habituation h~ve been noted 
between normal children and those suspected of brain damage, 
but differences in orienting reflex and habituation have also been 
noted by Levine and mullins (1968) to occur between manipulated and 
non-manipulated animals, and between maternally deprived monkeys a~d 
. . 
normally rear~d controls •. These differences h£Jve been related to 
adrenal steriod secretion. 
In overview it is apparent that severe deprivation of either 
or both nutritional and non-nutritional stimuli is capable of 
producing a degree of· 'damage 1 to the brain in humans and animals~ 
No stru~tural lesion, focal or diffuse can be identified; the 
'damage 1 is a damage to growth and fJJnction (Dobbing 1970, 1972, 
1972a). A specific biochemical impairment may yet be found, 
and there is a need for research in this direction (Witkop 1967). 
Difficulties in relating d~monstrated morphological and bio-
chemical ch~nges to observed functional deficits in malnourished 
animals has stimulated a search for mediating mechanisms or pr.o-
cesses operating between the tmo. The search is still in its 
infancy and as yet no direct functional significance can be at-
tached to such variables as brain cell size, cell number, degree 
of brain myelination, as assessed by DNA, RNA, and cholestrol 
indices for these parameters. 
An interesting line of research is reported by Witkop (1967) 
based on the observation that response of children with kwashior-
kor to phenylalanine and histidine loads are somewhat like the 
response in children with phenylketonuria and hi§tidinemia respec-
tively. Evidence for actual placSntal transport of these amino 
acids suggests that children of m3lnourished mot~ers may be under 
considerable risk in intra-uterine exposure to high levels of 
histidine and phenylalanine. Children with histidinemia present 
with a particular type of speech di~order based on inability to 
pronounce certain words, and associated with an auditory !scramble' 
manifested as an'inability to repeat words in sequence added one 
at a time, together with a short auditory memory span. A possi-
ble mechanism for a large componsnt of mental retardation in 
children following PCM is the result of nutritionally induced 
enzymatic deficiencies in histidine and phenylalanine. 
Studies such as described by Witkop are rare, but indicate 
the availability of research approaches which are promising be-
cause they suggest testable hypotheses. For example, Witkop 
suggests that the type of mental retardation expected would have 
clinical featuro~ of histidonemia and phenylketonuria, and that 
children bbrn to protein malnourishsd mothers would have an in-
tellectual defect quantitatively and qualitatively different from 
the child who had only post-weaning PCM. Several studies have in-
dicated that verbal and language functions are consistently more 
seriously implicated and failed to respond to rehabilitation to the 
same extent that motoric and non-verbal functions do (Watsrlow, 
Cravioto and Stephen, 1960; Cravioto, 1970; Yaktin, 1970, 1971). 
This observation has been assumed over the past to reflect the ef-
fects of m3ternal deprivation and of class differences in verbal 
interaction between mother and child, but it may be related rather 
to a deficit of auditory memory. Some support for this comes from 
the observation bf Canosa (1971) that short-term memory and the 
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availability of short-term stimuli Ciscriminu ted -bGtwoen welJ.-
and previously mclnourishe~ children on psychoJ.ogical testing. 
Future studies should therefore be directed towards identifying 
more pr.ocisely the nature of the ft.wct.ional dGfici t occurring 
as a consequence of PCm in both animals and children. 
PAfJT II 




P!-\RT I I: THE P~~ESE.i'·JT STUDY 
CHAPTER 8 
BACKGROUI~Q.;_ R,;TI O~JALE ANJ HYPCJTHESES 
This study is the logical extension of an investigation 
reported under the title ''Kwashiorkor and Intelle~tual Develop-
ment 11 in 1969. l!lhcm, in 1968, that investigation was undertaken, 
few studies of its kind had been reported in the world literature, 
and the study was unique in that it was the first reported use of 
intra-familial subjects and controls (sibling~) in an attempt to 
control the many non-nutritive variables which act independently 
in the development of intellectual functioning. The results of the/ 
study indicated that an acute episode of protein deficiency disease 
of sufficient severity to nedessitate in-patient hospital treatment 
did not significantly lower the subsequent functional intellectual 
.. ·-~ .. 
level. The study however did not exclude the possibility that long-
term chronic undernutrition did retard intellectual develop~ent, in 
both the subjacts and their sibling controls. Whilst the study 
minimised the influence of genetic, social and environ~ental factors 
on the determinatin rif intellectual development by the use of sibling 
controls, there was also to some extent 2 cancelling out of the 
independent variable. Thus, a similar degree of physical growth 
retardation was found in both groups, and the group with antecedent 
kwashiorkor differed only from the sibling control group with the 
intervention at some stage of one or more factor(s) which precipita-
ted an acute phase of protein-calorie malnutrition sufficient in 
degree to produce unmistakable signs and warrant in-patient hospital 
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tn)atment. In retrospect it is impossible to ider'.tify the intervening./' 
facto~; . this may have been nutritional in the form of a deficiency 
of a specific nutritional ele~ent e.g. protein or vita~in, or it 
may have been infective, or it may have been psychosocial or psycho-
dynamic or any combination of these. The suggestion was there-fore 
made that a study of children who had been nutritionally deprived 
by virtue of an intestinal malabsorption syndrome or fibrocystic 
disease should be undertaken in which their intellectual function-
ing could be compared with that of their siblings. 
The impractability of such a study because of the lack of a 
sufficiently large number of subjects satisfying the ~xperimental 
requirements led to the idea of ~pproaching the problem from a. 
differsnt angle viz. by studying the effect of inverting the in-
dependent variable. Stach and Smythe (1963) suggested that the 
effects of PCM on intellectual dev~lopment could only be demonstrated 
by the comparison of children representing opposite extremes in 
nutritional condition, and used this argument to justify their com-
parison of grossly marasmic children with children whose early 
nutritional status had been maintained ~t an adequate level through 
attendance at a creche. The present study aims to stimultaneously 
exploit the concept of st~dying extreme cases of the influence of 
the independent variable in two directions, and also to include 
the advantages of the use rjf sibling controls. The design basically 
operates by the comparison of different children from within the 
same family who respectively 
a) suffered an acute clinical episode of PCM, 






retardation but at no time presented with 
acute clinical symptoms and 
c) in whom PCfll was prevented by dietary sup-
plementation during the first 2 years of life. 
The main hypothesis underlying this study states that if v' 
early malnutrition 2er se causes retardation of intellectual 
development, then dietary supplementation during the same de-
velopmental period should prevent the occurrence of such intsl-
lectual retardation in a population at risk. A basis for this 
research approach is the known fact that siblings have highly 
correlated scores on intelligence tests, reflecting the fact that 
siblings belong to the same genetic pool, have been exposed to 
similar physical and social environments, and have been exposed to 
similar epidemiological hazards. 
Because provision of dietary supplement to ~n infant within a 
family is likely to provide other non-nutritive stimulatory effects 
on that child and the entire family directly, or indirectly via the 
mother, the design included the selection of a control sibling just 
preceding the supplemented sibling who was exposed to the same social 
stimulatory effects but did not receive specific nutritional atten-
tion. Because of the improbability that the index child only would 
benefit. from supplement issued to the mother, an attempt was made 
to ensure that the control sibling was beyond the age when dietary 
supplementetion should, in theory, h~ve any significant beneficial 
effect on his intellectual development, i.e. after the age of 18 
months according to Dobbing (1972). In an attempt to magnify the 




other extreme situation was studied in each family by testing an 
older sibling who had been malnourished to a degree sufficient to 
cause an ~cute episode of kwashiorkor neceisitating hospitalisation, 
and treatment in a metabolic ward, together with a further sibling 
whose physical growth had been retarded to a similar extent but who 
had not succumbed to acute PCM. 
The design of this study is unique and was made possible by the 
existence in Cape Town of an unusual group of subjects who have been 
under study over the past 15 years by the fr1.R.C. Clinical Nutrition 
Research Unit at u.c.T. The feed-up project was initiated in 1963 
when the new-born sibling in a group of Cape Coloured families 
with a known incidence of kwashiorkor was selected for dietary 
supplementation (Moodie et al., 1973). Apart from the incidence oF 
acute PCM in the fa~ily, the main criterion for selection was a poor 
growth record in all antecedent siblings (below the 3rd percentile 
in weight and height for age) in spite of normal birth weight. 
The project was conducted by a medics! social worker who _paid 
weekly visits to the family for 2 years from the birth of the feed-
up siblings. Initially, supervision only was given to ensure that 
breast feedin9 was well established. illhen breast feeding failed~ 
or declined to insufficient levels, feeding was supplemented by an 
adequate supply of branded full-cream powdered or evaporated milko 
When each child was aged 2-~- months, a fortified cereal was intro-
duced regardless of the status of breast or bottle· feeding. (Pronut~o: 
protein content 21.5%, 365 calories/100 grams). In addition, a vita-
min and iron syrup wes supplied for the duration of the program. 
' '. 
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Uleights and heighh; of the infants were recorded regul:srly, 
and any tendency towards failure to thrive was investigated medi-
cally. Similarly, any in6idence of illness or infectio~ was treat-
ed promptly. ControJ. siblings received the sa'!le medical carE'J; 
they also possibly benefi ttec:! from a proportion of the die tar~' 
supplement, the likelihood of which increased only after the first 
6 to 12 months of su~plementation ~hen they were more able to ob-
tain tho cereal for themselves without the mothor 1s knowledge. 
Apart from this, general improvement in nutrition on account of 
improved maternal motivation and the general focus of attention on 
food within the family i~ likely to have occurred. The actual 
quantity of food dispensed per child per week was determined by 
the child's weight gain, the limiting f~ctor being only a regard 
to excess which could be put at the disposal of the sibling-control 
child. The feeding was only supplementary - the child otherwise 
participated in the usual ecting habits of the fsmily. The dietary 
supplementation was discontinued when a mean duration of 28 months 
had been attained. ThereaftGr :routine care was continued at the 
local Health and Welfare Centres. 
The present study aims to investigate the following postuJ.Gtes:-. 
Ptoposi t_i_g_fJ......l: If malnutrition as such causes retardation of 
intellectual and cognitive development, then 
the fed group should show a signifibantly higher 
i~telligence score wh~n compared with each of the 
other three groups. 
Propo§_ition 2: If social and stimulus deprivation (including the 
effects of recurrent illnes~ and infection) rather 
lDO 
then malnutrition cs such is responsible 
for the intellectu~l snd cognitive retarda-
tior, then ho significant difference in intelligence 
score would be expected between the fed grc:up and 
the feci-control group, but these two groups should 
differ significantly fro!Ti the kwashio:;:-kor and 
kwashiorkor control gmup. 
Proe.9..si Uo~.].: If the sr.:veri ty of PCf1l is related to the degree 
of intellectual retardation then the kwashiorkor 
group should show a si~nificantly lower intelli-
gence score when conpored with the kwsshiorkor 
control group, and the fee-control group. 
Prooosition /~: If the duration of chronic Pcm is related to 'che __ , ________ _ 
degree of retardation of intellectual developm9nt 
then no significant difference in intelligence 
score should be expected to occur betweeh the 
kuJashi.orkor group and the kwashiorkor control 
group, but both groups sh auld sho·w significantly 
lower intelligence scores than the fed group. 
Whilst the above propositions are formulated in terms of qusnti-
tative differences in intellectual developmant, qualitotive differ-
ences should be shown by differences between the groups on the sub-
scale intGlligence scores, and by di.fferencGs. on the Bende:t' Gestalt 
and Harris Drawing Tests (See Chapter 9). 
CH/~PTER 9 






~ETHOD5 AND rATEFIALS 
Tf:iE SP.f'tPLE; 
In August 1972, 14 of the feed~up children from an original 
group of 18 were available for study, together with 13 sibling 
controls. Within 9 of these families, kwashiorkor rehabilitees 
and their sibling controls had been tested in 1968 during the 
previous investigation. By including ths remaining 5 kwashior-
kor rohc.1bilitees and their sibling controls, n sample of 54 
children from 14 families was composed os follows: from each of 
12 families 4 children were drawn and assign~d respectively to 
kwashiorkor group, kwashiorko~ control. group, fed gr6up, fed 
control group; in 2 additional families 3 children were available: 
asE;igned to kwashiorkor grcup, kwashiorkor controJ., and fed group 
in the one family; and as kwashiorkor group, fed group, and fed 
control group, in the other family •. Both of the~e gaps were created 
by the death of a control child, one due to a motor vehicle accident 
and one due to accidental poisoning. 
THE EXPEFI~ENTkL =ROUPs 
Two· experimental groups were formed each containing 14 subjects, 
and each r~presenting an extre~e of early nutritional status: 
1\wsshiorkor Gro~~ 
The critetion for selection to this group was that the child 
had be10:n hospitalised at least once during infancy for treatment .of 
acute kwashiorkor as defined by Hansen (1968). The subjects in this 
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group were all males, reflecting the knouJJ1 unequal distributi.on 
of the disease between the sexes. 
Fed Group 
This group consisted of 14 subjects being all the available 
subjects from the feed-up project described in Chapter B. Of 
the original 18 feed-up children, 2 had died from infectious 
diseases and 2 were known to have moved to other areas beyond 
reasonable access. The group consisted of 9 males and 5 females. 
The sample contained two control groups each consisting of 
siblings of the other, and each matched to one of the experimen-
tal groups which were also sibling groups: 
This group was cor.~posed by the selection of the sibling near• 
est in age to the kwashiorkor child, but having no history of acute 
protein-calorie malnutrition. No attempt was made to match the 
groups for sex in the present investigation, but the 9 pairs of 
subjects included from the previous study were so~ matched. The 
group conBi.sted of 13 children (one having died due to alleged 
poisoning), 10 of whom were males and 3 females. 
Fed Control Grouo 
---'-"'-
This group consisted of the sibling nearest in age just pre-
ceding the fed child in each family. The group consisted of 13 
children (one child had been killed in a motor vehicle accident), 
7 of whom were males and 6 females. This group was a mean of 21 
months (L 8 years) older than the fed group (range of age g<Bp 
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0.95 - 3.0 years) so that by the time supplementary feeding was 
commenced the group had a mean age which excec.,ded the theoreticc:l 
critical period of vulnerability in brain growth and were therefore 
not susceptible to significant acceleration in intellectual develop-
ment resulting from improved nutrition. 
No child was included in the study if there was any doubt about 
maternal or paternal parentage. In all cases children had lived 
within the same family env~ronment except for periods of admission 
to hospital. This absence from the family affected mainly the 
kwashiorkor gr~up in which it w~s a constant factor throughout 
the group. A small number of families ~ade moves of residence 
(generally to improved conditions) during the feed-up period.· 
In B of tha families a further sibling was born within the feed-
up period. The supplementary feeding was extended to this new 
sibling, but he was not included in the sample. 
TEST BATTERY 
The battery of tests was essentially the same as that applied 
in the previous investigation with the addition of the Bender 
Visual Motor· Gest~lt Test in the present study. The aim in select-
ing the battery of tests was to provide a profile of the children's 
present overall intellectual performance, and the Bender Gestalt 
Test was included because of its value in discriminating 'brain 
damaged' and 'non-brain damaged' groups (Koppitz, 1964). No in~ 
telligence scale has been standardised for use on Cape Coloured 
children in this age group, and consideration was therefore given 
to the possibility of making use of a method for the evaluation of 
neuro-integrative competence by examining features of neurological 
maturation which follow a known clear-cut development course in 
normal childrenf and upon ~hich the influence of p~rtic~lar cul-
tural experiences is relatively small (Cravioto, 1970; Birch, 
1970). However, more recent research (Bridger, 1970) has demon-
strated that poor performance on tests of inter-sensory integra-
tion is related to inability to employ abstract verbal labels 
rather than to perceptual deficit (quoted by Klein, 1972 in dis-
cussion). In spite of disadvantages~ it seems that the conven-
tional intelligence scale remains, at this st~ge: the most useful 
technique of evaluation. The New South African Individual Scale, 
although standardised on a White South African school-going popu-
lation remained the most appropriate test for application in this 
study, and its use provided the additional advantage of making the 
results of the present study comparable ~ith those of Stach and 
Smythe (1968) and with those of our previ6us study of kwashiorkor 
rehabilitees and their siblings. 
THE NEt:! SOUTH AFRICAU IfiQ)IJIDU14L SCiH~E (~ATIOf'{I\L BUREAU OF:_ 
EDUCATIONAL AfJD SOCIAL RESF=f\RCH, 1964) 
This scale is similar in construction to the Wechsler Intel-
ligence Scale for Children (the Psy~hological Corporation, New 
York, 1949). The battery comprises nine sub-tests, 5 of which 
are verbal ~nd 4 non-varbal, as follows:-
Vocabu l.:ny multiple choice picture-type test using a total of 
30 vocally presented stimulus words; the test thus requires a per-
caption and integration of an a~ditory stimulus with a visual sti-
mulus, but does not requitE a verbal rssponse. The tGst is 
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essentially a measure of abstract verbal labelling. 
Comprehension - ten questions relating to everyday life situa-
tions and customs arc presented vocally. Responses are scored 
on 3 levels of qualitative differentiation of increasing abstrac-
tion, and are said to indicate 1judgement 1 or 1common sense' 
performance in which emotional and intellectual functions play 
a part. 
Verbal rea.soning - a similarities test of abstract reasoning, 
the first 2 items of which are in analogical form. Responses 
are scored according to Rappaport's levels of reasohing, viz. 
concrete, functional, abstract. Performance on the test depends 
on ability to distinguish between essential and non-es~ential 
similarities, to generalise, and to categorise. 
Problems - 15 verbally presented (the first 8 presented v~cally) 
arithmetic probleri:s, considered mainly a test of ability to con-
centrate.· Successful performance is dependent on training, and 
the score therefore reflects the level of school achievement. 
Memory - test of immediate recall of meaningful verbal material 
presented vocally. 
Mtern Cq,mpletiq_n - performance requires a free response in the 
completion of 16 partially completed designs; time may be taken 
into account in scoring. Visual orientation as well as ability 
to concentrate is involved in performance. 
Block desi9!J. - a l<oh 's type test which requires analytico-
~ynthetic ability.and especially the ability to solve problems 
in spatial relationships. Scoring may include a time factor. 
Absurdities - similar to Wechsler's Picture Completion sub-test 
but containing incongruities as well as omissions. 
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Form Board - an adaptation of the Leake-Smi t!;l For-m Board and 
consisting of 6 figures: 3 of 3, and 3 of 4 loose coloured pieces. 
Scoring is based on time taken to complete each figure. The test 
is regarded as an indication of qualitative aspects of intelligence 
and reflects the effect of temperament factors on the· solution of 
concrete problems. 
The battery uses point scales, so that the same test item can 
be applied all the way through to all age groups, and the standard 
deviation - IQ method replaces the mental age method. Performance 
is indicated in terms of standard scores or normalised scales 
scores. In the present investigation, 'power-plus time 1 scores 
were used throughout. 
Beceuse this test has not been standardised for the population 
to which it was applied in this investigation, the terms 'verbal 
quotient', 'non-verbal quotient', and 'full scale c1uotient 1 are 
replaced by the terms 'verbal score 1 , 1non .. verbal score 1 , and 
'full sccile intelligence score 1 • These 'scores' represent the 
child's performance in terms of the Ulhi te standardisation sample; 
significance can only be attached to this score in terms of dif-
ferences between the scores obtained by the various groups and the 
scores cannot be interpreted normatively in 1 IQs 1 with reference 
to a particular population. 
THE BENDER GESTALT TEST {Bender, 1938) 
Thii test, c~~sisting of nine geo~etric figures presented one 
at a· time and which the subject is asked to copy on a blank sheet 
of paper, was used originally as a visual-motor test by Bender who 
pointed out that the perception and the reproduction of the Gestalt 
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figures is determined by biological principles of sensory-motor 
action and varies according to a) tho growth pattern and :-r;atura-
tional level of the individual, and b) his pathological state, 
either functionally or organically induced. The test remains one 
of the standard and most frequently used in clinical practice with 
both adults and children. 
In the present investigation the administration and scoring 
of the test was carried out according to th~ method of Koppitz . 
{1964) who developed a developmental scoring system standardised 
on a population aged 5 - lOi years. Koppitz validated the system 
on a group of children aged 5 - 10 years with known brain {njury 
and showed that the test has some value in discriminating between 
'brain-injured 1 and 1non brain~injured 1 children scoring at various 
IQ levels on the WISC. A lack of correlation between IQ and Bender 
score in the 'brain-damaged' group was demonstrated. In the ~on 
brain-damaged 1 samp1E1 significant correlations were faun d be tween 
the WISC sub-test score and Bender score on all except Infotmation, 
Comprehension, Similarities, and Coding sub-tests. The Koppitz 
Developmental Scoring System evaluate$ the reproduction of each 
design in terms of errors· of integration, rotation, distortion of 
shape and perseveraticn. The error score is then converted to a 
visual perceptual developmental age level. 
In the present study the age :range of the group extended beyond 
the upper limits of the original standardisation sample, and the 
range of error scores obtained extended beyond the lower limits 
10? 
of those obtained in the original standardisation sample. A smooth-
ed and extended error score curve was therefore constructed using 
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Koppitz's original standardisation data (Koppiti, 1964). The 
original Bender scores as reported in the normative data were 
plotted. The plot points started at 5~ years of age and went 
to 10~ years of age. From these points the smoothed curve was 
drawn to extend out towards 20 years of age. The original Bender 
standard deviations as reported were included in the graph from 
8 years of age to lOt years of age and these standard deviations 
were likewise extrapolated in the smoothed curve to 20 years of 
age. The means and standard deviations resulting from this ex-
trapolation are reported in Table X (Appendix III). For each 
child scored on the Bender in the present study a Z score was 
formed from his Bender score; the Z score being the difference 
between his score and the mean on the extrapolated line divided 
by the extrapolated s~ndard deviations. The Z scores were then 
related to a curve built up from the distribution of the Student 
t to two degrees of freedom. The effect of this was to attempt 
to give the child a percentile rank. The ordinary use of the Z 
score i.e. as related to the normal curve was not satisfactory 
because a number of children had such high Z scores (of the order 
of 5 and 7), that no area was left under the normal curve. The 
percentile rank approached zero after a Z score ~f approximately 
three. To attempt to give a meaningful percentile rank to child-
ren with h1gh Z scores, the Z scores were treated as though they 
were t scores with 2 degrees of freedom. Thus, for example, a 
child with a so~called Z score of 4.3 had a percentile rank of 
. d 
5~. A graph was drawn - the points of t at 2 degrees of freedom 
were taken as 0.0, 1.0, 1.88, 2.92y 4.3, 6.96 and 9.92. The 
relative percentiles were taken as 50, 34, 20, 10, 5, 2 and 1. 
The children's Z scores were then read onto the graph and their 
percentile ranks were read off from the graph. 
THE HARRIS-GOODENOUGH DRAWING TEST 
This test was included for its value in evaluating 1inteJ.lec-
HJ9 
tual maturity 1 in contrast to the IQ notion of unitary intelligence. 
Harris's concept of intellectua 1 maturity includes the ability 
form concepts of an increasingly abstract nature. The process 
of concept formation comprises three functional steps, viz. 
1. The ability to perceive i.e. to discriminate likenesses 
and differences; 
2. The ability to abstract i.e. to classify objects according 
to perceived likenesses and differences; 
to 
3. The ability to generalise i.e. to assign a newly experienced 
object to a correct class, according to the discrimination 
made. 
A child's drawing of any object ~ill reveal the discriminations 
he has about that object as belonging to a class i.e. the level 
of his conceptual maturity, and his concept of such a frequently 
and universally experienced object as a human being provides an 
index of a growing complexity of his concepts generally, particu-
larly as it requires integration of affective and cognitive ele-
ments. 
The child is asked to make the best picture he can of 1) a man 
and 2) a woman, and the formal anc structural elements of the 
drawings are scored on 3 levels viz. presence, ~imensions, and 
proportion. Raw scores are converted to standard scores for the 
age group 3 to 5 years taking account of the sex· of the child; 
standard scores on both scales are averaged to derive a totol 
drawing score. A validation study of this technique using the 
NSAIS was carrie~ out on White South African school children by 
Strumpfer and mienie (1966). Reliability co-efficients of 0.88 
for the man Scale and 0.92 for the Woman Scale were obtained by 
the split halves method. Low, but statistically significant corre-
lations were found between the Harris scores and the NSAIS sub-
test scores; the highest co-efficients of .61 was obtained between 
the man's scale and the verbal IQ. 
An· attsmpt was made in the present study to assess the inter-
ference of emotional factors in cognitive functioning by recording 
the difference obtained by each child in the standard score on the 
man and the woman scales. In addition each drawing was rated for 
the presence of evidence of emotional disturbance on a 5 point 
scale based on the conflict indicators of Machover (1948) viz. 
omissions of parts, excessive erasures, density of shading, trans-
parencies, and the presence of sexual organs. 
PROCEDURE 
Testing of the children was begun in August 1972 and continued 
through may 1973. 
.llO 
Conditions of the test situation were kept as GDnstant as poss-
ibl~. All testing was carried out in a suitably furnished play r~om 
at the Psychiatric ·Clinic, Red Cross War Memorial Children's Hos-
pital. Each child was tested individually by the same examiner in 
2 or 3 sessions not exceeding 45 minutes ~ach. Test sessions were 
interspersed by periods of free play of at least 45 minutes duration 
in a well equipped playroom. No incentives were suggested or 
offered before the completion of testing, but the majority of 
children assumed on the basis of past experience that a reward 
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would be forthcoming on completion of the test program. Refresh-
ments in the form of fruit juice cordials, milk, coffee, sandwiches, 
biscuits and sweets were provided during the break periods. All 
test administration and scoring was carried out blindly. In no 
case was the examiner aware of the group to which any particular 
child w2s assigned until his fin~l test scores had been calculated. 
The physical stature of these children is such that it is difficult 
to estimate their age. 
The 9 kwashiorkor children and their controls who were tested 
during the previous investigation were recalled for the administra-
tion of the Bender Gestalt Test, at which time the Harris-Goodenough 
Test was repeated. Of these subjects 2 were tested on a Saturday 
afternoon in order to avoid interference with their employment; 
for the rest all sessions were held in the morning. An averag~ of 
4 children were tested per morning, and with a few exceptions, thqse 
were representatives of at least 2 different families. The order 
in which the children were taken into the test room was determined 
randomly by tossing a coin. 
Standing height and body weight of each child were measured on 
the day of testing. In addition the heights and weights of the fed 
children and their controls were available at an early age (during 
dietary supplementation) and at a mid-term age (approximately 2 
years after the sessation of dietary supplementetion). f:iid-term 
and present heights and weights were available.for the kwashiorkor 
group and thsir controls. The percentages of e~pected height 
for age, and weight for age as at near comparable ages as possible 
were calculated using the 50th percentile of the Boston Growth 
Charts as standard. 
A multiple Social Index was available for each family composed 
of 4 factors as follows~ 
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a) general environment and occupational censi ty cif living conditions; 
b) economic status calculated with reference to the Poverty Datum 
Line; 
c) diet judged by weekly intake of key protein foods; 
d) family stability including illegitamacy, alcoholism .and alcohol-
related problems, conflict with the law, and marital breakdown. 
The families had been rated in 1969, and the rating represented a 
mean for the families over the 10 year period 1959 - 1969. In 
addition, income ratings as percentage of the Poveriy Ditum Line 
(where lOOJ~ represents the Poverty Datum Line, and 15C;fo represents 
the effective minimum standard) were available on each family at 
5 year intervals viz. in 1959, 1964, and 1969. The 1964 figure 
therefore reflects the situation into which the feed~up control 
sibling was born, whereas the 1969 figure provides some indications 
of conditions in the family during the infancy of the feed-up child, 
A relationship between the income rating and food availability within 
the family is assumed; the income rating also reflects the degree 
of social disorganisation as dependent on: the presence or absence 
of unemployment and deg~ee nf stable employment. 
Birth weights in .the case of the fed group and their controls, 
and the age on admission to ho~pital in the case of the kwashiorkor 
·' 
~Jroup were rt:lcorcled, c::s :;,l.so mas the number of siblings in the 
family at present, and the ordinal position in each family of 
the 4 children included in the study. 
lb£ A~Jl\LYSES OF V!\Rif.liJCE (l\:\JGVf\ 's) 
The data were subjectsd to anrilysis of variance and ~ultiple 
com~arisons of means were comp~ted. Both matched techniques 
using 12 sets and unm2tched techniquos using 14 sets employed where 
appropriate. This anomaly was created by the deaths of two of the 
sibling control children; th~ particular technique used will be 
indicated by the degrees of fraedom. Correlation matrices were 
also computed. 
Two-way analysos: most of the two-way analyses computed were 
2-way A~CVA 1 s with repeated measurements on both factors (Kirk, 
1968). Thess are referred to by fO.rk as 11 randomised block factoriel 
designs". lUilEJre appropriate 2-way IV~OVA 1 s with repec-:ted measures on 
ll ·~ 
a singl~ foetor WGre used (Kirk, 1968: Chapt 7). Comparisons between 
the means of the various treatment leve1s were carried out using tile 
Scheff~ multiple comp~rison test. For comparisons of means on tile 
N5AI5 sub-test scores, Tukey 1s HSD technique was used (Kirk, .1968: 
Chapt 3). In casss where significant int~raction effects occurred 
in the 2-wa~ ANOVA 1s, si~ple main effects were calculated and their 
means compared according to the techniques laid out by Kirk (1968: 
Chapt 7). 
One-way analyses: Where appropriate one-way ANCVA 1s with repeated 





The raw data which 'vere subjected to statistical analysis 
are presented in Appendix I. A summary of results is given in 
Tables 1 and 2 and Figure 1. 
The results obtained on each of the variables examined 
were as follows: 
TABLE 1: MEA..."'JS AND STANDARD DEVIATIONS FOR THE FOUR GROUPS 
i ; 
l • jANOVA 
I !Significance Kwash Sib K Sib F l 
!Age 
. l 
*** Mean 13.0 12.0 10.7 
Sd 1.9 2.1 1.0 
Full Scale l ** Mean 70.0 72.0 72.2 
Intelligence Score j Sd 13.5 14.6 13.0 
l Verbal Mean 74.3 75,0 70.8 O.Ol>p>0.05 
l 
Sd 16.1 17.3 13.9 
Non-Verbal *** Mean 71.3 74.4 80.5 
Sd 8.8 9.2 11.2 
.Harris NS Mean 81.3 83.7 75.1 
!Bender (Pg) 
Sd 17.6 16.9 11.1 
NS Mean 71.2 62.5 65.7 
Sd 30.5 21.4 18.5 
jBender (t' Scores) l NS Mean 29.7 28.2 18.7 
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The mean age at the time of intellectual testing (NSAIS) 
for each of the four groups is shown in Table 3. The data 
analysis is presented in Tables 4 and 5. The fed group differed 
significantly from the other.three groups. The-kwashiorkor 
group did not differ significantly from its control group, nor 
did the tt.;o control groups differ from each other. The 
significant difference between the fed group and its control group 
was an essential feature of the experi~ental design, the 
purpose being to ensure that the control child was too old 
to achieve a brain growth benefit from overflow of the dietary 
supplement provided to his younger sibling. 
The age of each child at the time of this investigation is 
shown in Tabie 56 (Appendix I). In the kwashiorkor group and 
its control group the mean ages at present (Table 1) differed 
from the mean ages on intellectual testing because some of the 
subjects included were tested as part of an earlier project. 
The present age is the age at which all children performed the· 
Bender Gestalt and Harris Drawing Tests. 
The ages of the fed cont.rol grou:p at the start o.f the .feed4lp 
project, and at termination of dietary supplementation are shown 
in Table 56 (Appendix I). The mean age of the fed control at 
the start of the project was 21 months (L8 years). 
With the exception of 3 cases, all the fed group of children 
were brought into the project at birth~ The three exceptions t.;rere 
TABLE 3: HEANS AND . STANDARD DEVIATIONS FOR THE 
FOUR GROUPS ON AGE ON TESTING (NSAIS) 
Kwash Sib K Sib F Fed 
Mean 13.0 12.0 10.7 8.9 
Sd 1.9 2.1 1.0 0.5 
TABLE 4: ANOVA SUMMARY TABLE 
One-Way Analysis without repeated measures. 
119. 
Means for the four groups on Age on Testing (NSAIS) 
Source 
Sum of df Mean F Squares Squares ratio 
Between subjects 135.0 3 45.0 19 .0**"' 
Within subjects 118.0 50 2.4 
*** p <0.001 
TABLE 5: MULTIPLE COMPARISONS BETWEEN MEANS OF AGE ON 
TESTING (NSAIS) 
Scheffe Multiple Comparisons 










*P < 0.05 
**p < 0.01 







included in the project at the ages of 6 months (case 6)~ 10 months 
(case 2), and 4 months (case 14). In all cases breast feeding had 
been adequately maintained up to the time of admission to the study. 
Birth weights of the fed group children are shown in Table 56 
·(Appendix I); J.n no case was birth weight below 12.5 kg. The 
duration of breast feeding of the fed group children is shown in 
Table 56 (Appendix I). The fortified cereal was introduced 
. routinely in all cases at the age of 2.5 months. The program 
teTiminated when the mean age of the fed group was 28.1 months 
(2. 3 years). 
The age on admission to hospital for the members of the 
kwashiorkor group are shown in Table 56 (Appendix I).· The 
median was 21 months. In teTims of the division used in the 
previous study, the present kwashiorkor group was predomin-
antly 1 late-onset', with only 2 cases being admitted to 
hospital before the age of 16 months. The age range was 
10 - 48 months, In the population under investigation the 
age of 21 months represents the age of greatest vulnerability 
to PCM, and the nutritional supplementation of the fed group 
extended for 7 months beyond this age. On the other hand the 
fed control group had reached this age of vulnerability by 
the time the·feeding project was started. No significant 
correlations between age on admission to hospital and full scale, 
verbal, or non-verbal intelligence scores occurred in the 
kwashiorkor and kwashiorkor control groups (Table 6). 
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TABLE 6: CORRELATION COEFFICIENTS FOR NSAIS INTELLIGENCE SCORES 
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SOCIAL VARIABLES 
Multiple Social Index 
The Multiple Social Index (MSI) for each family is s'l¥>wn 
in Table 56 (Appendix I). A significantly high correlation 
(Appendix II, Table 67) between MSI and non-:-verbal intelligence 
score occurred in the kwashiorkor group only Cr = • 54,. p<0.05). 
Income 
Income ratings (percentage of Poverty Datum Line} other 
than those included in the MSI are also shown~ The 1959 
rating corresponds with the period of early childhood (0 - 3 
years) of the kwashiorkor group and its control group and the 
fed control group, whereas the 1964 rating assesses the 
financial status of the family into which the fed group child 
was born. Income is an important variable as it will partly 
determine and. reflect food availability in the family. The 
·means show a downward trend for the period 1959 (64.7%) to 
1964 (58.3%), and this combined with a steady increase in 
family size suggests a deterioration in socio-economic and 
hence nutritional conditions over this period. In this respect 
122. 
the risk of PCM was clearly higher for the.fed group control child 
than for the kwashiorkor control child, but maximal for the children 
of the fed group in these families. The chances of succumbing to 
acute PCM were great in both the fed and the fed control groups 
without the intervention of the supplementary feeding prograni, 
which reduced inter-current infection in the fed control group 
by the concurrent super\risionand medical care. The marked rise 
in income to 88.5% in 1969 is probably a reflection of the 
123. 
country's general economic inflation, combined V~ith the fact that 
many of the older siblings were engaged in some form of gainful 
'unskilled' employment by this time and were contributing to the 
family income. In the combined fed and fed control groups 
significant positive correlations occurred bet~veen Income and 
Pattern Completion (r = .40, p-<0.05), and Block Design (i = .41, 
p<O.OS) sub-tests of the NSAIS (Table 71, Appendix II). The 
difference in income betvreen the fed group and control group did not 
correlate significantly with group differences in.verbal, non-
verbal and full scale intelligence scores (Table 74, Appendix II). 
Position in Sibship 
The ordinal position of each child in the sibship 1.s shown 
in Table 56, (Appendix I), together with the total number of 
children 1.n the sibship at the time of the present investigation. 
Position 1.n sibship did not correlate with scores on the 
intellectual tests in the kwashiorkor and fed groups (Table 7). 
In 8 families one or more further births occurred during the 
period of dietary supplementation. The full supp~ement was 
extended to all of these new fap1ily members, but they were not 
included 1.n the fed group sample. When an 'Index of Sibship' 
(Table 57,. Appendix I) was calculated for each child taking into 
account both position in sibship and size of sibship, 
significantly high positive correlations (Table 66, Appendix II) 
occurred with full scale intelligence score (r = .29, p<0.05), 
non-verbal intelligence score (r = .37, p<O.Ol)~ and the 
arbitary 'Food Index' (r = .68, p<O.OOl). Thus the younger 
children in the smaller families had the higher full scale and 
non-verbal intelligence scores. 
TABLE 7: CORRELATION COEFFICIE1~S BETWEEN INTELLIGENCE 
SCORES FOR FED GROUP AND KWASHIORKOR GROUP AND 
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As an additional technique for exploring the data and for 
educing meaningful correlations, an empirical 'Food Index' was 
assigned to each group. The hypothetical values given were as 
follows: 
Kwashiorkor group 1 
Kwashiorkor-control group 1 
Fed control group 2 
Fed group 5 
126. 
These numerical values were based entirely on assumptions 
concerning the nutritional status of the groups during the first 
2 years of life, and are not objectively verifiable. Nevertheless, 
significantly high positive correlations occurred between 'Food 
Index' and height at midterm (t =· .51, p<O.Ol) and weight at 
midterm stage (r = .46, p<O.Ol). Neither height nor weight at 
present correlated significantly with 'Food Index'. (Table 66, 
Appendix II). 
Significantly high positive correlations were also found 
between 'Food Index' and full scale intelligence score (i = .35, 
p<:O.Ol), and non-verbal score (r = .55, p<O.Ol). 'Food Index' 
also showed a significantly high positive correlation with the 
Index of Sibship (r = .68, p<O.Ol). (Table 66, Appendix II). 
In the combined fed and fed control groups (Table 71) 
the 'Food Index' sho\ved significantly high positive correlations 
with vo~abulary (r = .40, p<O.OS), and memory (i = .42, p<O.OS) 
sub-tests of the NSAIS. The significantly high negative 
correlations occurring between the 'Food Index' and age on testing, 
age on starting and stopping must be regarded as artifacts. 
I' 
FULL SCALE INTELLIGENCE SCORE 
The distribution of full scale intelligence scores over the 
four groups is shown in Fig. 2. 
127. 
Table 8 shows the means and standard deviations for the four 
groups on the full scale scores on the NSAIS. The analysis 
of the data is presented in Tables 9 and 10. The fed group 
was significantly higher than the fed control group (p<0.05), 
the kwashiorkor group (p<O.Ol) and the kwashiorkor-control group 
(p<0.05). No significant differences were found between the 
kwashiorkor group and its control group, or between the two 
control groups, or between the k\vashiorkor group and the fed 
control group. 
Correlations between the four groups on full scale 
intelligence score are shown in Table 11. The pattern is that of· 
significantly high positive correlations occurring between all 
groups except between the kvmshiorkor group and the fed group. 
. Significantly high positive correlations were found 
consistently in all groups between full scale intelligence sco:r:e 
and verbal (r =" .96, p~O.OOl} and non"Cverbal (r = .88, p<O.OOl) 
scores (Tables 66, 67, 68, 69, 70, Appendix II}. 
Correlations between full scale intelligence score and other 
variables are shown in Tables 66 - 76 in Appendix II. 
The full scale intelligence score did not correlate 
significantly with ordinal position in sibship (Table 7) ~n the 
kwashiorkor and fed groups, but a significantly high positive corre-










TABLE 8: MEANS AND STANDARD DEVIATIONS FOR THE 
Mean 
Sd 













'TABLE 9: ANOVA SUMHARY TABLE 
One-Way Analysis with repeated measurements 
129. 
Mean Full Scale Intelligence Scores for the four groups 
Source 
Sums of 
df Mean F Squares Squares ratio 
Between subjects 6434.7 ll 584.0 
Within subjects 2860.3 36 79.5 
Full Scale 
Intelligence 1013 .o 3 337.7 6.03** 
Score 
Residual 1847.3 33 56.0 (error) 
**p<O.Ol 
TABLE 10: MULTIPLE CCHPARISONS BETHEEN MEANS 
Scheffe _Multiple Comparisons 
Mean Full Scale Intellig~nce Scores 
Degrees of freedom (3,33) in all cases 
Kvrash Sib K Sib F Fed 
Kwash Ns· NS. 5.0** 
Sib K NS 3.5* 





TABLE 11: CORRELATION COEFFICIENTS BETWEEN THE FOUR GROUPS ON 
FULL SCALE INTELLIGENCE SCORE (NSAIS) -
(df 13) 
Kwash Sib K Sib F Fed 
Kwash 
Sib K .75* 
Sib F • 74* .78* 
Fed .40 .75 .80* 
p = 0.051> 
131. 
account of family size. No significant correlation occurred between 
the intelligence score and the age on admission to hospital in the 
kwashiorkor group. 
In the kwashiorkor group and in the fed control group the 
intelligence score correlated significantly with the Bender 
Gestalt test score (r = .54, p<0.05; r = .79, p<O.Ol). 
In all groups except the hrashiorkor group the intelligence 
score showed a significantly high positive correlation with the 
Harris Drawing Score (r = .73, p<O.Ol for fed group; i = .56, 
p<0.05 for fed control group; i = .65, p<O.Ol for the kwashiorkor-
control group). 
Significantly high correlations occurred between intelligence 
score and the arbitary 'Food Index' (r = .35, p = 0.01), and this 
was substantiated by significantly high correlations between 
intelligence score and midcterm weight (r = .32, p<0.05) and 
between intelligence score and mid-term height (r = .33, p<0.05). 
In the fed control group only, full scale intelligence score 
showed significantly high positive correlations with early height 
(r =.57, p<0.05), and early weight (r = .64, p<O.Ol). (Table 76, 
Appendix II). 
No significant correlations occurred between intelligence 
score and Age on testing, 
Age at start of the supplementary feeding program, 
Age at the end of feeding program, 
Duration of the supplementary feeding program, 
Inc6me, 
Multiple Social Index. 
A significantly high positive correlation occurred between 
intelligence score and elapsed time from the end of the supple-
mentation period to the time of testing in the fed group only 
(r = .76, p<;O.Ol). 
These results indicate that Proposition I and Proposition 4 
should be accepted, whereas Proposition 2 and Proposition 3 









VERBAL INTELLIGENCE SCORE 
The means and standard deviations for the four groups 
on the Verbal sub-scale of the NSAIS are shoun in Table 12, 
Figure 3 shows the distribution of the scores. The analysis 
of the data are shown in Tables 13 and 14. The difference 
between the fed group and the fed control group did not quite 
.reach statistical significance (p>0.05,>0.10). No significant 
differences occurred between the kwashiorkor group and its 
control group, or betvTeen the two sibling-control groups, or 
between the kwashiorkor group and the fed-control group. 
Correlations between the four groups on verbal score are 
shown in Table 15. The pattern of significantly high inter~ 
group correlations between all groups except between the fed 
group and the kwashiorkor group is identical to that found for 
full scale intelligence score. 
Significantly high. positive correlations occurred between 
. verbal and non-verbal scores (r = .]2, p<;O.OOl} and between 
verbal and full scale intelligence scores (r = • 96, p<O.OOl}. 
This similar correlations were found consistently .in all groups 
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TABLE 12: MEANS AND STANDARD DEVIATIONS FOR THE 


















One.,...Way Analysis with repeated measurements 
Means for the four groups on Verbal Score NSAIS) 
Source 
Sums of . df Mean F 
Squares Squares ratio 
Between subjects 7516.7 11 683.3 
Within subjects 3598.0 36 99.9 
Verbal Intell- 699.5 3 232.2 2.65 igence Score 
Residual 2898.5 33 (error) 
TABLE 14: MULTIPLE COMPARISONS 13ETWEEN MEANS 
Scheffe Multiple Comparisons 
Verbal Score (NSAIS) 
Degrees of freedom (3,33) in all cases 
Kwash Sib K Sib F Fed 
Kwash NS NS NS 
Sib K NS NS 
Sib F 2.55* 
Fed -. 
* 0.05<p<O.l0 
TABLE 15: CORRELATION COEFFICIENTS BETHEEN THE 
FOUR GROUPS ON VERBAL SCORE (NSAIS) 
(df 13) 
Kwash Sib K Sib F Fed 
Kwash 
Sib K • 72* 
Sib F .66* .63* 
Fed .44 .70* . 64* 
p = 0.05* 
·136. 
Correlations between verbal score and other variables are 
shown in Appendix II. 
In the fed-control group a highly significant correlation 
occurred.between the verbal score and the time elapsed between 
the end of the supplementation period and the time of testing 
(i- .74, p<O.Ol). In this group also, verbal score correlated 
with early height (r = ~57, p<0.05), and early weight (r 2 .66, 
p<O.Ol). (Table 76, Appendix II). 
137. 
No significant correlations occurred between verbal score and: 
Age on testing, 
Age at start of the feeding program, 
Age at .termination of the feeding program, 
Duration of feeding program, 
Food Index, 
Income, 
Multiple Social Index, 
Mid"':"term weight and.height. 
In the kwashiorkor group, verbal score did not correlate 
significantly with age on _admission to hospital. 
These results indicate that Proposition I should be accepted 
whereas Proposition 2 and Proposition 3 must be rejected for 
.verbal score. 
NON-'-VERBAL INTELLIGENCE SCORE 
The means and standard deviations for the four groups on 
the non-verbal sub-scale of the NSAIS are presented shown ~n 
Table 16. Figure 4 shows·the distribution of the.scores~ 
The analysis of data is presented in Tables 17 and 18. No 
significant differences occurred between the fed group and the 
fed-control group, or between the kwashiorkor group and the 
kwashiorkor-control group. The fed group was significantly-
higher than the kwashiorkor group (p<O.OOl) and significantly 
higher than the kwashiorkor"""Control group (p<O. 01) on non~ 
138. 
.verbal score. The kwashiorkor group was significantly lower than 
the fed-control group (p<O.Ol). 
Inter-group correlations for the four groups on non"":"verbal 
scores are shown in Table 19. Although the correlations 
between the kwashiorkor group and the two control groups do not 
quite reach statistical significance, the pattern is essentially . . 
the same as that found fo:r full scale and verbal intelligence 
scores. The correlations of .51 and .52 are still of the order 
expected for siblings, and the low correlati.on of • 23 .between 
the kwashiorkor group and the fed group is contrary to expectation 
for siblings. 
Significantly high positive correlations wete found consistently 
in all groups for non-verbal and verbal (r = .72, p-<0.001). and full 
scale. intelligence 'scores (r = .88, p<O.OOl). (See Appendix II}. 
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TABLE 16: MEANS Al\1D STANDARD DEVIATIONS FOR THE 
Mean 
Sd 














TABLE 17: ~OVA SUMMARY TABLE 
One-Way Analysis 1..:rith repeated measurements 
Means for the four groups on Non-Verbal Score (NSAIS) 
Source 
Sums of df Mean F Squares Squares ratio 
Between subjects 2972.2 11 270.2 
Within subjects 2965.7 36 82.4 
Non-Verbal 1594.7 3 531.6 12.79'~:** 
Intelligence Score 
Residual 1371.1 33 41.4 (error) 
TABLE 18: MULTIPLE COJ\1PARISONS BETWEEN :t-1EANs· 
Scheffe Multiple Comparisons 
Non-Verbal Score (NSAIS) 





Kwash Sib K Sib F Fed 
NS 5.0** 10.8*** 
*p <() .05 
~':*p <0 .01 
***p<O .001 
NS 7 .0** 
NS 
TABLE 19: CORRELATION COEFFICIENTS BETWEEN THE FOUR 
GROUPS ON NON-VERBAL SCORE (NSAIS) 
(df 13) 
Kwash Sib K Sib F Fed 
Kwash 
Sib K .51 
Sib F .52 .65* 
Fed . 23 • 7 2* .81* 
. p = 0.05* 
141. 
142. 
Correlations between non-verbal intelligence score and-the 
other variables are tabulated in Appendix II. 
In the kwashiorkor group, a significantly high positive 
correlation was found between non-verbal score and Bender 
Gestalt Test score (r = .57, p<0.05). When the fed group and the 
fed-control group were combined this positive correlation was also 
significantly high (i = .43, p<O .05). 
Non-verbal score correlated positively at a significantly 
high level with the Harris Drawing Score in the fed group (r = . 73, 
p<O.Ol) and in the kwashiorkor-control group (r = .77, p<O.Ol). The 
correlation was also positive at significant level when the groups_ 
were combined (i = -. 47, p<O .01). 
A significantly high positive correlation occurred between 
non-verbal score and the empirical 'Food Index' (i = .55, p = 0.01). 
Non-:verbal score also show significantly high positive correlations 
with mid-term weight (J: = .3], p<;0.05), and mid-:-term height (r = .39, 
p<0.05). In the fed~ontrol group, weight at present showed a 
significantly high. positive correlation with non"verbal score (r = .57, 
p<0.05). In this group the elapsed time between the end of the 
supplementation and.testing showed a significantly high positive 
correlation with non-verbal score (i = .64, P<0.05). 
-l 
I In the kwashiorkor group, Multiple Social Index correlated 
at a significantly high positive level with non--verbal score 
(i = .54, P<0.05). 
In the kwashi_orkor group no s_ignificant correlation occurred 
_ .between age on admission to hospi_tal and non-:--verbal score. 
No significant correlations occurred bet1veen non·~verbal 
intelligence score and: 
Age on testing, 
Age at start of supplementation, 
Age at termination of the feeding program, 
Duration of supplementation, 
Income. 
These results indicate that the requirements for the 
acceptance of Proposition I and Proposition 2 and Proposition !~ 
are satisfied in part for non-:-verbal intelligence score. 




The mean scaled scotes for each of the four groups on each 
of the nine NSAIS sub-tests are shown in Table 20. The analysis 
is presented in Table 21. The main effect of group assignment 
(p<O.OOl) and NSAIS sub-tests (p<O.OOl) was significant, and the 
inter-action was significant (p<O.Ol) Simple main effects are 
shm.;n in Table 22. Group effects were significant for 
Vocabulary, Verbal Reasoning, Pattern Completion and Form Board 
sub-tests. The effect of sub-test was significant on all four 
groups. 
Tables 23 to 26 show raul tiple comparisons bet\veen the sub-
test means vii thin each group. 
significantly high differences within the four groups occur 
most frequently between Vocabulary, Comprehension, Verbal Reasoning, 
Pattern Completion, Block Design, and Form Board sub-tests. 
'. 
TABLE 20: 1-lEANS FOR THE FOUR GROUPS ON THE 
NINE NSAIS SUB-TESTS 
Kwash Sib K Sib F 
Vocabulary 7.34 7.81 4.58 
Comprehension 6.91 6.41 6.83 
Verbal Reasoning 8.00 7.66 8.58 
Arith. Problems 6.08 7.34 6.67 
Memory 5.16 4.75 4.17 
Pattern Completion 5.33 6.00 7.08 
Block Design 6.58 6.50 8.25 
Absurdities 6.50 6.00 5.67 
Form Board 5.92 7.58 8.50· 











Two-Way Analysis with repeated measurements 
Means for the four groups on NSAIS sub-tests 
Source Sum of df Mean F Squares Squares 
Between subjects 
Subj. within group 947.8 11 
Within subjects 
A: Group of child 165.5 3 55.2 14.6*** 
B: NSAIS sub-test 444.2 8 55.5 14.'7** 
Ax B 244.0 24 10.2 2.7** 




TABLE 22: ANOVA SIMPLE MAIN EFFECTS SU11MARY TABLE 
(Analysis taken from Table 21) 
Source 
Sum of df Mean Squares Squares 
Group at Vocabulary 75.7 3 25.2 
Group at Comprehension 25.0 3 8.4 
Group at Verbal Reason. 65.2 3 21.7 
Group at Arith. Problems 22.8 3 7.6 
Group at Memory 8.8 3 2.9 
Group at Patt. Comp. 96.7 3 32.2 
Group at Block Des. 61.4 3 20.5· 
Group at Absurdities 4.9 3 1.6 
Group at Form Board 48.7 3 16.2 
Sub-test for Kwash 80.7 8 10.1 
Sub-test for Sib K 99.6 8 12.4 
Sub-test for Sib F 255.9 8 32.0 
Sub-test for Fed 252.1 8 31.5 
385 
*p < 0.05 



































TABLE 23: MULTIPLE COMPARISONS BETi:.JEEN HEANS FOR 
KWASHIORKOR GROUP ON NSAIS SUB-TESTS 
TUKEY HSD 










Compre- Vocab- Verbal 
hension ulary Reas. 
*p<0.05 
TABLE 24: MULTIPLE CONPARISONS BETWEEN MEANS FOR 
KWASHIORKOR CONTROL GROUP ON NSAIS SUB-TESTS 
TUKEY HSD 
Degrees of £reedom (9,385) ln all cases 
? 
Mem- Patt. Absurd- Compre- Block Arith. Form Verbal 
ory Compl. ities hension Des. 
*p<0.05 
**p<O.Ol 
Probs. Board Reas. 








TABLE 25: MULTIPLE COMPARISONS BET~~EN MEANS FOR 
THE FED GROUP ON NSAIS SUB-TESTS 
TUKEY HSD 
























TABLE 26: MULTIPLE COMPARISONS BETWEEN MEANS FOR 
THE FED CONTROL GROUP ON NSAIS SUB-TESTS 
TUKEY HSD 
Degrees of freedom (9,385) 1n all cases 










































Table 27 shows the.significance of difference between the 
means of the four groups on Vocabulary, Comprehension, Verbal 
Reasoning, Pattern Completion, Block Design and Form Board 
sub-tests. The mean sub-test scores are plotted in Figure 5 
and may be summarised as follows: 
1) The fed group showed a significantly higher score than 
each of the other three groups on Verbal Reasoning and 
Pattern Completion sub-tests. The same trend \vas shown 
in Comprehension, but the greatest difference (between 
fed group and kwashiorkor"':"'Control.group) did not quite 
reach statistical significance. 
2) On Vocabulary the kwashiorkor-control group was 
significantly below eachof the other three groups. 
3) On the Form Board the kwashiorkor group vms significantly 
lower than both the fed and fed-control groups, but the 
difference between kwashiorkor group and kwashiorkor-
control group was not quite significant although the 
trend was similar. 
4) On Block Design the fed group had a significantly higher 
score than both the kwashiorkor and kwashiorkor control 
groups. The difference between the two control grqups was 
not quite statistically significant. 
5) Arithmetic Problems, Memory and the Absurdities sub-tests 
did not discriminate between the four groups. 
In order to examine the sub-test scatter the standard 
deviations obtained for each group are shown in Table 28. No 
significant differences in sub-test scatter were found between 
the groups. · 
149. 
TABLE 27: MULTIPLE COHPARISONS BETWEEN MEANS FOR NSAIS 
SUB-TESTS ON THE FOUR GROUPS-
TUKEY HSD 
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Continued on pg. 151. 
TABLE 27: MULTIPLE COMPARISONS BET\~EEN l>'illANS FOR NSAIS 
SUB-TESTS ON THE FOUR GROUPS 
TUKEY HSD 
















































TABLE 28: GRAND STliliDARD DEVD\TIONS ON NSAIS 
SUB-TEST SCORES FOR THE FOUR GROUPS 
Kwash Sib K Sib F Fed 
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FIGUFlE 5 MEAN SUB··TEST SCORES a; .... ~~~.._.~~--
154, 
Correlations between the NSAIS sub~test scores and other 
variables are shown in Tables 71, 72 and 73 (Appendix II). 
'Food Index' showed-a significantly high positive correlation 
with both Vocabulary (r = .40, p<0.005) and Pattern Completion 
(r = .42, p<0.005}. 
Duration of feeding showed a significantly high positive 
correlation with Arithmetic Problems (r = .56, p<O.Ol), Memory 
(i = .54, p<O.Ol), Verbal Reasoning (r = .48, p<0.05) and 
Absurdities (r =.49, p<0.05). 
Income showed a significantly high positive correlation with 
Pattern Completion (r = .40, p"S0.05) and Block Design (r = .41, p<0.05). 
The length of time between termination. of supplementation 
and testing showed a significantly high positive correlation with 
Arithmetic Problems (r = .44, p~0.05). Significantly high positive 
correlations occurred between the age at which f.eeding started and 
I 
Pattern Completion (t = .60, p"SO.Ol), Form Board (;: = .50,p<O.Ol), 
and Block Design (r = .46, .p.,0.05). Negative correlations of a 
significantly high level occurred between the age at-termination 
of supplementation and Arithmetic Problems (;r = ~.39~ p-<0.05), 
and Pattern Completion (r = ,.-0.45, .p<;0.05). 
Significantly high.negative correlations also occurred 
between all of the verbal sub""'tests- and the verbal}non-verbal 
discrepancy (Table 71, Appendix II). 
In the fed group only a significantly fdgh positive correlation 
occurred between Comprehension and age on .testing (r = .58, p<0.05}, 
and duration of feeding (;r = .54, p<;O.OS}. 
.155. 
In the fed control group the length of elapsed time 
betv1een tennination of feeding and testing showed significantly 
high positive correlations with Vocabulary (r = .82, p<O.Ol); 
Comprehension (r = • 70, P<O .• Ol), Arithmetic Problems (r = • 68, 
p<0.05), M~nory (r = .63, p<0.05), and Pattern Completion (r =.58, 
p<0.05). 
156. 
HARRIS DRAHING TEST 
Table 29 shows the n:.eans and standard deviations for the 
four gro~ps on the Harris revision of the Goodenough Draw-a-Man 
Test. Table 30 shows the analysis of data. No significant 
differences were found in the means between the four groups. 
The inter-group correlations on Harris Score are shown in 
Table 31. Significantly high positive correlations occurred 
.between the fed control group and both the fed group (r = .54, 
p<0.05) and the kwashiorkor group (i = .49, p<0.05). 
Co-:-efficients of correlation bet1-reen Harris Score and 
other variables are shown in Tables 66 to 73 in Appendix II. 
Harris Score did not correlate at a signifieantly high 
.level with the Index of Sibship. 
Significantly high positive correlations occurred .betv1een 
Harris Score and full scale intelligence score (j. = .54, 
p<O.Ol), Verbal Score (;: = .50, p<O.Ol}, non-verbal Score (~ - . 47, 
p<O.Ol} and the Bender Gestalt Test (_r = .50, p<O.Ol}, in the 
kwa'shiorkor group these significantly high correlations did not 
occur, and in the fed control group Harris Score did not correlate 
significantly with verbal and non-verbal scores. 
In the fed control group Harris Score correlated at a 
significantly high level with 'Verbal Reasoning (i = .59, p<0.05) ~ 
and Arithmetic Problems (r = .60, p<0.05}. ·In the .fed group 
Harris Score correlated significantly with Vocabulary (r = • 66, 
.p<O~Ol} and Comprehension (i = .74, p<O.Ol}, and Absurdities 




TABLE 29: MEANS AND STANDARE DEVIATIONS FOR THE 
FOUR GROUPS ON HARRIS DRAWING SCORE 
Mean 
Sd 









TABLE 30: ANOVA SUMMARY TABLE 
On~-l.Jay Analysis with repeated measures 
157. 
Means for the four groups on Harris Drawing Score 
Source 
Sum of df Mean F 
Squar~s Squares ratio 
Between subjects 4973.4 11 452.1 . 
Within subjects 5366.5 36 149.1 
Harris 488.1 3 162.7 NS Drawing Scale 
Residual 
4878.4 33 147.8 (error) 
TABLE 31: CORRELATION COEFFICIENTS BETWEEN THE FOUR 
GROUPS ON HARRIS DRAHING SCORE 
(df 10) 
Kwash Sib K Sib F Fed 
Kwash 
Sib K .41 
Sib F .49* .19 
Fed .19 .32 .54* ..,. 
*p<0.05 
When fed and fed control groups were combined additional 
significantly high positive correlations occurred vlith Memory 
(r = .44, p<0.05). 
In the fed group Harris Score showed significantly •high 
positive correlations with: 
Age on. testing (i = .66, p<O.Ol), 
Duration of feeding (i = . 78, p<O.Oi), 
Age at start of feeding (i = .60, p<0.05), 
Age at termination of feeding (i = .68, p<O.Ol). 
These significant correlations did not occur in the fed-
control group or when the two·groups were combined. 
The means for the four groups on the Machover rating 
are shown in Table 32. Table 33 shows the mean discrepancy 
between Man and Woman scales of the Harris Drawing Test for 
each of the four groups. No significant differences were 
.158. 
found between the groups on the Machover rating or on the 
discrepancy between Man and Woman Scales, and these variables did 
not show significant correlations with the Multiple Social Index, 
or with total Harris Score. 
The Harris Drawing Test had been administered pr?viously 
to nine of the. kwashiorkor subjects and their nine controls as 
part of an earlier investigation. The means and standard 
deviations on Harris Score for these kwashiorkor subjects and· 
their controls inl968 and 1973 are compared in Table 34. 
Table 35 presents the analysis of data: no significant differences 
were found between mean scores in 1968 and.l973. 
TABLE 32: MEANS AND STANDARD DEVIATIONS FOR THE FOUR 














TABLE 33: MEANS AND STANDARD DEVIATIONS FOR THE FOUR 
GROUPS ON MAN-WOMAN SCALE DISCREPANCY 
Mean 
Sd 













TABLE 34; MEANS AND STANDARD DEVIATIONS FOR KWASHIORKOR 
.. SUBJECTS AND THEIR CONTROLS ON HARRIS DRAWING 
TEST IN 1968 AND 1973 
Mean 
Sd 















TABLE 35: ANOVA SUMMARY TABLE 
Source 
Two-Way Analysis with repeated measurements 
Harris Drawing Scores in Kwashiorkor subjects 
and their controls in 1968 and 1973 
Sums of df Mean F Squares Squares ratio 
Between subjects: 
A: Kwash at Sib K. 103.3 1 103.3 
Error B 2024.9 16 314.1 
.Within subjects: 
B: 1968/1973 182.2 1 182.2 NS 
Ax B o.o 1 o.o 
Error 16 110.4 
160. 
BENDER GESTALT TEST 
The means and standard deviations for the four groups 
on Perceptual Quotient are shown in Table 36. The analysis 
is presented in Table 37. No effects were found to be.sig-
nificant. Inter-group correlation co-efficients are shown in 
Table 38. The fed group showed a significantly high positive 
correlation with both the fed control group (r = .60, p<0.05), 
and the kwashiorkor control group (i = .55, p<0.05). 
The means and standard deviations on the.Bender t scores 
(See Appendix III) are sho\m for the four groups in Table· 39. 
The analysis is presented in Table 40. No effects were found 
to be significant. Inter-group correlation co-efficients 
161. 
are shown in Table 41. The fed group correlated positively with 
the fed control group at a significantly high level (r = • 63, 
p <0~05). 
Co-efficients of correlation for the Bender Gestalt Test 
with other variables are shown in Appendix II, Tables 66 to ]3 .• · 
Significantly high positive correlations occurred with full~ 
scale intelligence score (i = .36, p<O.Ol), Verbal Score (i = .38, 
p<O.Ol), and Harris Drawing Score (i = .50, p<O.Ol). These 
correlations did not occur in the fed group. 
When the fed and fed control group were combined the Bender 
Gestalt Test showed significantly high positive correlations with 
full-scale intelligence score (r = .53, p<;O.Ol), Verbal Score 
(i = .54, p<O.Ol), Non-Verbal score (i = .43, p..:;0.05), 
Comprehension (r = .5l,p<O.Ol), Arithmetic Problems (i = .61, 
p-<0. 01) , and Memory (r = . 62, p<O. 01). 
These correlati~ns did not occur in the fed group. 
162. 
TABLE 36: MEANS AND STAJ\TDARD DEVIATIONS FOR THE FOUR 



















One-Way Analysis with repeated measurements 
Mean~ for the four groups on Bender Gestalt 
Test (Perceptual Quotient) 
Sum of df Mean F Squares Squares ratio 
10596 11 963.3 
13253 36 368.1 
Bender Gestalt Test 550.5 3 183.5 NS (Perceptual Quotient) 
Residual 12702.5 33 384.9 (error) 
TABLE 38: CORRELATION COEFFICIENTS BETWEEN THE FOUR 
GROUPS ON PERCEPTUAL QUOTIENT (BENDER GESTALT TEST) 
(df 10) 
Kwash Sib K Sib F Fed 
Kwash 
Sib K .13 
Sib F .34 .37 
Fed -.0 .55* • 60~'> 
p = 0.05* 
TABLE 39: :tv1EANS A1\1D STAN-nARD DEVIATIONS FOR THE FOUR 















One-Way Analysis with repeatedmeasurements 
Means on Bender Gestalt Test for the four groups 
Source Sum of df Mean F Squares Squares ratio 
Between subjects 8223.2 11 747.5 
Within subjects 10516.7 36 292.1 
Bender Gestalt Test 1418.1 3 472.7 NS. (t '-Score) 
Residual 9098.7 33 275.7 (error) 
TABLE 41: CORRELATION COEFFICIENTS BETWEEN THE FOUR 
GROUPS ON BENDER GESTALT TEST (t' Score) 
(df 10) 
Kwash Sib K Sib F Fed 
Kwash 
Sib K ..--.07 
Sib F .23 .47 
Fed .17 .51 .63** 
p = 0.05* 
HEIGHT 
The height of each child expressed as percentage of normal 
expected height for age is shown in Table 59 in Appendix I, 
16li. 
together with the age at which the measurements were taken. Heights 
were recorded at as near as possible comparable ages within each 
family at two points in time called mid-term and present. Where 
possible the mid-term heights were taken within 2 years following 
the termination of dietary supplementation. Early height in the 
fed and fed control groups was recorded approximately half-way · 
through the supplementation program. 
The means for the four groups on mid-term and present 
height are shown in Table 42. The analysis.of the data are 
presented in Table 43. Significant effects on groups, measurements 
and inter-action were found to be significant. Table 44 shows the 
simple main effects. Multiple comparisons between means are shown 
in Table 45 and Figure 6. 
The results indicate that the fed group children .~·Jere signif-
icantly taller than the members of the other three groups at mid-
term stage. At present stage there was no significant difference in 
height between the four groups, the kwashiorkor group and both. the 
control groups having caught~p with the fed group. The kwashiorkor 
group and both control groups showed a significant increase in height 
from mid-term to present stages. 
Table 46 shows the mean heights in the fed and fed control 
groups at three developmental levels. The analysis of the data 
is presented in Table 47. Significant group, stage of measurement, 
TABLE 42: MEANS FOR THE FOUR GROUPS ON HEIGHT AT 














Tv70-Way Analysis with repeated measurements 
Means on height at mid term and pres_ent ages 
for the four groups 
Source 
Sum of df Mean F Squares Squares .. ratio 
Between Subjects 
Subj. within Groups 999.6 11 
Within subjects 
A: Group 196.8 3 65.6 5 .4*•'c 
B: Stages of 694.8 1 694.9 65.7*** Measurement 91.8 7.5** 
Ax B 275.5 3 12.3 
B x subj. within Groups 943.4 77 
165. 
TABLE 44: ANOVA SIMPLE MAIN EFFECTS ON HEIGHT 
SUMHARY TABLE 
(Analysis taken from Table 43) 
Source 
Sum of df Mean Squares Squares. 
Group at midterm 465.9 3 155.3 
Group at present 6.3 3 2.1 
Kwash at stage meas 1 d 378.4 1 378.4 
Sib K at stage meas 1 d 442.9 1 442.9 
Sib F at stage meas 1 d 149.0 1 149.0 










TABLE 45: MULTIPLE COMPARISONS BETWEEN MEANS ON MIDTERM 
AND PRESENT HEIGHT 
TUKEY HSD 
(Data extended from Analysis Table 43) 
Midterm Kwash Sib K Sib F Fed 
Kwash NS NS ** 
Sib K NS ** 
Sib F * 
Fed 
Present 
Kwash NS NS NS 
Sib K NS NS 





TABLE 46: MEANS FOR FED AND FED CONTROL GROUPS ON 
HEIGHT AT THREE STAGES (% normal for Age) 
Sib .F Fed_: 
Early 86.2 91.8 
Midterm 84.7 90.3 
Present 89.7 90.5 
TABLE 47: ANOVA SUMMARX TABLE 
Source 
Two-Way Analysis with repeated measurements 
Mean Early, Midterm and Present height for Fed 
and Fed control groups 
Sum of df He an F Squares Squares ratio 
Between subjects 
Subj. within Groups 552.1 10 
Within subjects 
A: Group 260.7 1 260.7 33 .0)'1:** 
B: Stage of Measurement 68.6 2 34.3 4.3* 
Ax B 75.3 2 37.3 4~8* 




TABLE 48: ANOVA SIMPLE MAIN EFFECTS 
SUMMARY TABLE 
168. 
Mean Early; Hidtenn and Present height for Fed and 
Fed control groups 
(Analysis taken from Table 47) 
Source 
Sum of df Mean F Squares Squares ratio 
Group at Early stage 168.0 1 168~0 21.3** 
Group at Midtenn 163 .o 1 163.0 20.7** 
Group at Present 4.9 1 4.9 0.6 
Stage meas 1 d for Fed 13.2 2 6.6 0.8 
Stage meas 1 d for Sib F 130 .. 8 2 65;4 8.3* 
*p<0.05 
**p<0.01 
and inter-action effects were found. ANOVA simple main effects 
are sho>-m in Table 48. Hul tiple comparisons of the means 
were computed and revealed significant differences between 
the two groups at early and mid-term levels. The difference 
between the groups in height at present. stage ~vas not 
significant. 
169. 
The means for the four groups at the selected developmental 
stages are shown graphically in Figure 6. The results suggest 
that the growth of the fed control child did not benefit 
significantly from any overflow of food from the fed child. 
Correlation co-efficients between height at the three 
developmental levels and other variables are shown in Tables 
66 to 70 in Appendix II. Mid-term height showed significantly 
high positive correlations with: 
Hid-term .weight (r = • 77, p<O .01), · 
Index of Sihship (r = .38, p<o·.os), 
. Full scale intelligence score ( r = .33 p<O .OS), 
Non-verbal intelligence score (i = .39, p<0.05). 
Several significantly high positive correlations occurred 
between height and.weight which. are irrelevant to the present 
investigation. 
In the fed control group only, significantly high positive 
correlations occurred between early height and verbal score 
(r = .• 57, p<O.OS), and between early height and full scale 
intelligence score (r = .57, p<O.OS). (Table 76, Appendix II). 
170. 
WEIGHT 
The weight of each child (expressed as percentage.of normal 
expected weight for age) is shown in Table 59 in Appendix I, 
together with the age at which the measurements were made. These 
were recorded at as near as possible comparable ages within each 
family at two points in time called mid-term and present. Whenever 
possible the mid-term weights were taken vlithin 2 years following 
the end of the program of dietary supplementation. In the fed and 
fed control groups, early.weight was recorded approximately half-way 
through the supplementation program. 
The means for the four groups on mid-term a.nd present weight 
are shown in Table 49. The analysis of the data are presented 1n 
Table 50. Significant effects were found for both groups and 
inter-action • ANOVA simple main effects are shown in Table 51.· 
Multiple comparisons between means (Tukey HSD) were computed on 
·data extended from Table 50 and are sho,\\rn in Table 52 and Figure 7. 
The results indicate that whilst the fed group children 
.weighed significantly more at the end of the supplementary nutritional 
program than the children of the other three groups, this advantage 
was not maintained for long after supplementation of diet ceased. 
The fed children are at present not superior in weight to their 
unfed siblings. 
The mean weights in the fed and fed control groups at three 
developmental stages are shown in Table 53. The analysis of data 
is presented in Table 54. Significant group and inter-action 
effects were found. ANOVA simple main effects are shown in Table 55. 
TABLE 49: MEANS FOR THE FOUR GROUPS ON WEIGHT AT 
















Two-Way Analysis with repeated measurements 
Midterm and Present weights in the four groups 
Source. Sum of df Mean F Squares Squares ratio 
Between subjects 
Subjs. within Groups 5611.3 11 
Within subjects 
A: Group 1011.8 3 337.3 6.0** 
B: Stage of measurement 5 1 5 0.9 
A X B 454.6 3 151.5 2.7* 




TABLE 51: Al10VA SIMPLE MAIN EFFECTS ON WEIGHT 
SUMMARY TABLE 
(Analysis taken from Table 50) 
Source Sum of df Mean Squares Squares 
Groups at Midterm 1386.6 3 462.2 
Groups at Present 79.7 3 26.6 
Kwash at stage meas'd 7.9 1 7.9 
Sib K at stage meas 'd 81.4 1 81.4 
Sib F at stage meas'd 8.3 1 8.3 
Fed at stage meas'd 361.9 1 361.9 . 
*p<0.05 
TABLE 52: }lliLTIPLE COMPARISONS BETWEEN MEANS 
ON MIDTERM AND PRESENT WEIGHT 
TUKEY HSD 
(Data extended from Analysis Table 50) 
Midterm Kwash Sib K Sib F Fed 
Kwash NS NS ** 
Sib K NS ** 
Sib F ** 
Fed 
Present 
Kwash NS NS NS 
Sib K NS NS 













Hul tiple comparisons of the means v7ere computed· and showed 
significant differences between the two groups at early (p<O.Ol) and 
mid-term stages (p<O.Ol). In the fed group, present weight ~vas 
significantly lower than mid-term weight (p<O.Ol). In the fed control 
group mid-term weight was significantly higher than early weight 
(p<O.Ol). These results indicate that the fed control child gained 
some immediate benefit from the dietary supplementation of the fed 
child as long as the supplementation continued, but not sufficient 
to allow him to catch-up to the fed child. (It should be noted 
that all groups fall below the 3rd percentile at present). The 
means for the four groups at the three develo~mental stages are 
represented graphically in Figure 7. 
Correlation co-efficients for the four groups on weight at 
the three developmental stages are shown. in Appendix II, Tables 66 
to 70. Hid-term weight showed significantly high positive 
correlations with: 
Full scale intelligence score (:r = .32, .p<;0.05), 
Non-verbal intelligence score (r - .37, p<0.05), 
Index of Sibship (r = .30, .p:~0~05). 
Several significp.ntly high positive correlations occurred 
between weight and height which. are not regarded as relevant to 
this investigation. 
In the fed control group only early weight showed 
significantly high positive correlations with verbal score 
(r = • 66, p-<0.01), and w'ith full scale intelligence score (r = • 64, 
p<;O.Ol). (Table 76, Appendix II). 
TABLE 53: MEANS FOR FED AND FED-SIBLING GROUPS ON 
WEIGHT AT THREE STAGES (%normal for Age) 











Two-Way Analysis with repeated measurements 
Mean Early, Midterm and Present weight for Fed 





Squares Squares ratio 
Between subjects 
Subj s. within Groups 2271.4 10 
Within subjects 
A: Group 1057.8 1 1057.8 25.0*** 
B: Stage of Measurement 104.6 2 52.3 1.2 
A x B 419.9 2 209.9 5~0** 







TABLE 55: ANOVA SIMPLE MAIN EFFECTS 
SUMMARY TABLE 
(Analysis taken from Table 5l>) 
Source 
Su;n of df Mean 
Squares Squares 
Group at Early stage 1079.4 1 1079.4 
Group at Midterm 383.1 1 383.1 
Group at Present 15.2 1 15.2 
Stage meas'd for Fed 293.8 2 146.9 
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DISCUSSION AND CONCLUSION 
The results of this study confirm the centro! hypothesis: 
the fed group was significantly superior on full-scale intelli-
gence score to each of the other three groups (Table 10). 
lllhilst it is recognised that an 'I Q' does not describe 8Vetythihg 
about an individual's intsllsctual or cognitive f~nctioning, it 
remains the most frequently used composite index of the intellec-
tual status cf an individual or a group. Where individual, and 
especially group differences are the subject of investigation, 
the assessment of intelligence by the use of standard IQ tests 
is the ~;ost efficient iJrocedure. The results shol!.! that e~rly 
dietary supple~entation significantly increased intelligence 
test scores of children over and above tllat of their siblings 
whose life-history hed been characterised by chronic malnutrition 
with or without an acute episode of nutritional disease (Pcr~i). 
The physital data on thsse childr~n provide evidence of the fact 
that the nutritional status of the fed children was significantly 
. superior to that of their siblings for at least the first 3 years 
of life (fables 1+8 and 55 ) • No significant difference iri expected 
weight or height for age occurred between the child who succumbed 
to acute PCM when compared with his chronically malnourished 
.siblings (Figures 6 and 7}. 
A more detailed discussion of the intelligence test scores 
is facilitated by separate consideration of each of the two 
experimental groups compared with its own co nt ro 1 group. mean 
intelligence scores for the fed group and their control group are 
176 
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shoL•Jn graphically in Figure B.. The differBnce between the full-
scale intelligence score means was significantly high in favour 
of the fed group. The difference between the means on 11erbal 
score did not quite reach statistical significance, but the trend 
shown suggests that this difference was necrly so. However the 
mean difference in non-verbal score betweeri these two groups was 
not significantly different (Table 18 ) • This suggests that mal-
I ·nutrition early in infancy has its strongest Bffect on varbal 
j 
I rather than nan-verbal skills •. This finding is in accordance 
with the consistl=mt results obtc,incd by several othGr studies 
since the observation was first made by Wat~rlow and co-workers in 
1960 that, on ghe Gesell Scale malnourished children showed a 
relati0ely greater deficit on the language sub-scale than on 
the other sub-scales when compe:;red with normal children (Waterlow, 
Cravioto and Stephen, 1960). Both fed· and fed cantrol groups 
received the same amount of environmental stimulation coincidental 
to the feod-up program, ~nd the same degree of medical care. The 
non-significant difference between the two groups in non-verbal 
score can be attributed to this stimuldion t:Jhich was common to 
both groups. However the fed group was significantly superior 
to its control group in early nutritional status (Figures 6 and 7), 
and the elevation of verbal score in the fed group may thus be 
attributed to thg nutritional advantage. 
When the kwashiorkor group is compared with its sibling control 
group, no significant differences are noted between mean full-scale, 
verbal, or non-verbal scores (Tables 10, 14 and 18). This indicates 
)--· 
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on the intellectual functioning of a group of chronically mal-
nourished children. That thG ec.rly nutrition3J. status of these 
two groups of children was equivalent is de~onstrated by the 
percentage of ex~ccted weight and height for a~e shown in Figures 
6 and 7. It should be noted that the kwashiorkor grou~ and its 
contml group wore comparable in height and wei::Jht for age with 
the sibling contml group of the fed .children at mid-term age 
level; the fed children differed significantly in wej.ght and 
height from each of the other three groups until some time after 
termination of supplementary feeding. 
When the four groups of children Ere compared with each other, 
Figure 8 illustrates that each pair of experimsntal and control 
groups show a distinct trend in the pattetn of their int2llig2nce 
. 
scores. Because of the_ srnall size of the sa~nple, thsse differences 
in trend must be considered as important differences which may 
show higher statistical significant in l3 rger samples of the ;Jopu-
lations. Superiority of the fad group in mean full scale intel-
ligence scores ovsr each of the other three groups was statistically 
significant on Scheff~ multiple tomparisons (Table 10). This.find-
ing is in accordance with expectation, and can be attributed to the 
significant suporiority of the fed group in early nutritional status 
when compared with the other three groups (Figures 6 and 7). Tho 
non-verbal stores show a similBr trend, but show relati~ely larger 
differences between the fed control grCJup compared with the kUJashior-
kor and kwashiorkor cont m 1 groups. 
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The comparison of the means for the four groups on non-verbal ../' 
intelligence score (Table 10) indicates that tho fed group was 
significantly higher than both the kwashiorkor group and the 
kwashiorkor control group. The fed control group however; mas 
also significantly superior to the kwashiorkor group. This./ 
finding suggests that whilst nutritional factors were important, 
a significant contribution to the elevation of the non-verbal 
score was rna de by the general social improvem(3nt wl1i ch coincided 
with the dietary supplementation, together with improved medical 
care. It sE"ems pJeusible that both the fed graup end its control 
group were less frequently immobilised on account of illness and 
infection than were the kwashiorkor and its contrc1l group. This 
finding would lend some support to tha sugge~tion that loss of 
'learning time' on account of chronic ill-health makes a significant 
contribution to the functional retardation of the chronically mal-
nourished child. It should be notF;cl that the mean UJeight of the 
·fed control group incrccased significantly during the feed-up period 
(Figure 7), although at mid~term it remained significantly below 
that of the fed group. The findings suggest that whilst increasedv 
environmsntal stimulation and improved social conditions brings 
about a significant increase in mn-verbal skills, early nutrition 
appears to provide an added beneficial effect~ 
A deviation in the trend of patterning of intelligence scor-es 
of the: four groups ·on the verbal score was contrcry to expectation. 
In verb3l intelligence score the means for the kwashiorkor group an~ 
its control group took up an intermediate position between the fed 
group and its control group (Figure B). The problem posed was why 
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the trand fer full-scale .Jnd non-verbc:;l sc8les .in which the kw.-:-Jsh-
iorkor and kwashiorkor control groups h2d scored below the foci 
group and its control group, was not consistent also on the verbal 
scale. Both in terrils of the underlying postuJ.CJtes beini::J examined, 
and in terms of the results on full-scale and non-verbal scale, 
the fed control group should be expected to score at a higher 
rather than lower level when compared with the kwashiorkor and 
kwashiorkor control groups. The possibility that the high verbal 
score in the fed group is a reflection of an improved mother/child 
relation~hip from birth was considered, but the fact that verbal 
score did not correlate sighificantly with age of onset of stimu-
lation for the combined groups (Table 71), ~oints against this 
explanation. In the total sample height and weight at mid-term 
. ' 
and the arbitary foo~ index showed significantly high correlations 
with both full-scale and non-verbal scores, but not with verbal 
score (T~ble 66). This suggested thst the verbal scores were in-
fluenced by some other factor. A significantly high positive 
correlation occurring in the combined fed and fed control groups 
betwsen verbal score and the elapsed time between termin~tion of 
the supplementation program and testing suggested that a time fac-
tor may b~ involved. In terms of this it could be pioposed that 
the verb<::l score of the kwashiorkor gr:JUp and its control group 
had been boosted above that of the fed control group by a relative-
ly longer period of school experisnce. 
Support for the argument that the mean verbal scores in the 
kwashiorkor and kwashiorkor control groups were boosted by a longer 
duration of school experience may be seen in their significantly 
higher mean age at the-time of testing ·(Tab~e 5). The majority 
of these children also had progressed bsyond the sub-standards 
in school at the ti~e of testing, by which time also they had about 
6 years of attendance at school. On the other hand the majority 
of children in the fed group and its control group wore at sub-
standard school level ~t the time of testing, and had only 2 years 
of scholastic experience at the time of testing. It should be 
stressed that the severity of deprivation by Western standards in 
this population is such that even minimal school attendance re-
presents major cognitive stimulation. The power of school attend-
ance is thus relatively f~r greater in this sample as ~nvironmental 
stimulation than it is for the average middle class child. The 
ability of environmental factors to compensate in evsn severe and 
acute malnutrition is suggested in the results of our previous 
study (Evans et al., 1971). At the ten-year follow-up, children 
with an earlier onset bf kwashiorkor and their sibling controls 
showed significantly higher verbal a nc] full-scale int8lligence 
scores whon com;:JEHGd with late-onset kwashiorkor subjects and their 
siblings. (The differences held for both the subjects and their 
sibling controls). In the present study the kwashiorkor group was 
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a predominantly 1 late-onset 1 sample: the early-onset sample in the 
previous study achieved a verbal level even higher than that of the 
present fed group. It seems apparent that the intervention of active 
rehabilitstion of even rudimentary proportions ~:c;y promote an ap-
preciable compensatory effect. The implication appears to be that 
early adversity of short duration was more successfully overcome 
thari prolonged (later) adversity. The present results suggest that 
\ --. \ 
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the verbal deficit in the kwashiorkor group <md ·its control group 
has at least partially been compensated for by 6 years of schooling. 
If this 1catch-up 1 phenomenon is opsreting 1 it is anticipated that 
the fed control group (which at present ranks lowest on verbal 
score) will progress to at least tho level of the kwashiorkor and 
kw<J:;;hiorkor control groupso On thi.s b2sis it also seems reasonable 
to assume that the difference betrneen the fed group and the fed 
control group might have been greater at an earlier age than at 
present. ~lternatively, the fed group may maintain its advantage, 
. and these proposals will need to be re-tested in about 3 years 
time. 
A review by Clarke (1958) and the observations of Kagan 
(1972) have demonstrated that the effects of stimulus deprivation 
and restriction in infancy are by no means permanent or lmmutable. 
The effects of early experience, positive or negative, will fade 
unless they are reinforced. In a recent preliminary report of an 
on-going study of rehabilitation of malnourished children in Beirut, 
a relatively stimulating environment increased the DQ of children 
compared with those rehabilitated in a conventional hospital en-
vironment (Yaktin and Mclaren, 1970; 1971). Of all the sub-scales 
measured the least improvement occurred in speech and language 
functions. The gains however were not maintained after the children 
returned to their usual ·home environment. These findings are par-
ticularly relevant to the present study because of the reversal of 
the independent variable: in the Beirut study both groups received 
equivalent nutritional rehabilitation but only the experimental 
was exposed to additional eilvironmental stimulation. In contrast 
the fed and fed control groups in the present stu~y received equi-








received addition~l nutritioncl supplamsntation~ The Beirut 
results confirm our findin~s in thct in both studies environmental 
stimulation elevated the non-verbcl scores. The relative lack of 
speech and languaQe in the Beirut study contrasts sharply with the 
mark verbal elevation in the present study. If we discount the 
nutritional factor, the circumstantial evidence suggests that early 
stimulation and medical care have a beneficial effect on non-verbal 
functions, whereas later stimulation has a more selectively positive 
effect on verbal fundtions. 
In contradiction it could be argued that th~ fed group's 
increment in verbal score is due to a closer mother/child inter-
action at an earlier age. Be this as it may , it is also reason-
ably likely that thi~ improved relctionship w~s determined at least 
in part by the child. As Rutter and co-authors· {1964) point out, 
environmental influences are to some extent shaped and modified 
by the child. The mothers frequently commented during the feeding 
program on the differences in alertnsss and brightness between the 
fed infant and their other children. Even allowing for substantial 
Hawthorne effect and the possibility of the moth~r feeding back the 
~ppropriate exp~ctations to the investigator it seeGs reasonable 
to postul2te that the fed child was less disabled by apathy, and 
therefore moro able to contribut.e to the mother/child feed-beck 
cycle. Even if thecbser,ved improve~;en L in verbal scores is accoun-
ted for on a basis of sti~ulation or sscondary interpersonal gains, 
this was still partly dependent on ~utritional improvement, and 
the benefits can therefore be attributed to nutritional factors 
indirectly, if not directly. 
As an alternative it could be suggested th~t the non-verbal 
and, more especially, the verbal scores of the fed control group 
have undergone a more rapid 'Fading' process than in the fed group. 
Again, however, it would seem to be a reasonable assumption that 
better nutrition in the fed group promot~d a stabilising effect. 
Whatever the interpretation, it seems clear that the children of 
the fed gr.:: up gained an appreci<Jble 'head-start 1 over their under-
nourish~d siblings. 
Significantly high positive correlations in a matrix combin-
ing the fed group and the sibling control group (Table 71) between 
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an arbitrary food index assigned to each group and the score attain-
ed by each child on the Vocabulary and Pattern Completion sub-tests, 
and almost significant Comprehension and Verbal Reasoning sub-tests, 
suggest that conceptual reasoning and learning (Level II) as opposed· 
to associstive learning (Level I) may indeed be related to nutrition-
al factors. This would sugg~st th3t nutrition plays a role in 
·Jensen's finding that these·tw:J levels of functionin·;J are rel<Jted 
to socio-economic status rather than to genetic factors. That 
nutritional factors rnay be important in determining functional 
Levels I and II has important relevance to Jensen's belief that 
different neural structures underly these two different functional 
levels. Perhaps the full significance of nutritional factors has 
been overlooked by Jensen. 
In spite.of the qualitative functional differences described 
in term~ of these two levels, in the present ~tudy·ho significant 
inter-group differences were found in degree of sub-test scatter, 
to be the most reliable index of 1brain damage 1 (T<Jble 28). 
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Tho absence of a significantly high sub-test sca~ter (as indicated 
by standsrd deviation of sub-test scores) in any of the four groups, 
together with the findings that the four groups did not differ 
significantly on the Bender Gestalt Test indicates that the ob-
served intelligence score differences does not support 1brain 
damage 1 as the underlying factor in these differences. How~ver 
a high standard deviation on Bender Gestalt test scores in the 
kwashiorkor group must be noted (Table 36), suggesting a higher 
variability in perceptual motor functioning within this group 
when compared with the other three groups, in spite of tho fact 
that this group had a significantly higher mean age. 
The application of the tradi tion.al verbal/non-verbal dichotomy 
to the sample of children used in this study is probably of limited 
validity and reliability. A number of the sub-tests included in 
the NSAIS are unsuitable in concent for this socio-cultural popu-
lation, and their uso was therefore inappropriate. It was decided 
-however not to omit the more culturo-~ound tests. The application 
of these tests to this group was j~stified, firstly, in order to. 
allow for compc:rison of the results with those obtained by Stcich 
and Smythe (1968) on a different sample of undernourished and con-
trol children and secondly, so as not to interfere with the inter-
nal structure of the Scale. The mean differences between the 
groups on each sub-test (Tsble 27) in~icate that the more depen-
dent a sub-test is "on socio-cultural or scholastic experience, 
the less it discriminetes between the four groups. Thus equivalent 
scores with no signific0nt inter-group differences were found on 
Arithmetic, ffleQory, Absurdities, and Form Board sub-tests. 
....,: 
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Jr~nscn (1969) observed c'i. fferences in le2rning a'nd problsm solving 
ability in chil~rcn r8l3ted to socio-economic status. On tests 
involving associz.tive leerning ability (Level I), child ron from 
low ~nd middle- socio-economic groups perform equally well, ~nd 
performanc() is inde;Jendent of IQ. However in tasks imtolving 
YJ!JE.§E~uyl la:nning and problem-solving ability (Level II), large 
social clc:ss differences show up: the children of middle socio-
economic group show a significantly higher level of pGrformance. 
Bearing this in mind it is striking that the fed group in this 
stud)' shoUJeci significantly higher scores on all of the sub-tests 
involvinQ conceptual learning or problem-solvin~ ability when 
compared with its control group, viz. Vocabulary, Verbal Reason-
ing and Pattern Complotion. Figure 9 presents the means for tho 
four groups on the nine NSAIS sub~tests when placed in rank order 
according t~ tha degree of abstraction required. The tendency is 
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also present in the Comprehension sub-test which is less abstract 
and more conc~ete than the Verbal Reasoning and Pattern Completion 
sub-tests. The Pattern Complation sub-test was the only non-verbal 
sub-test which discriminat~d between fed and control groups: it is 
the only non-verbal sub-test in w_hich the child is required to con-
tribute something which he is not give~. Availability of cues is 
reduced and it the~efore differs considerably in the degree of ab-
straction required from the Block Design sub-test in which all the 
elements required ·for the correct solution arc provided in concrete 
form, and have only to bs manipuloted correctly. The same applies 
to the Form Board sub-test which, in addition includes a temperament 
factor on an inhibition-impulsiveness continuum. On this sub-test 
the fed group and both the sibling control groups performed at a 
comparable level so that the kwashiorkor group 1s performance was 
significantly lower. The kwashiorkor control 9roup had an inter-
mediate position, and the trend in this sub-test parallels that 
found for the total non-verbal scores (Figures 8 and 9). A study 
by Pedersen and Wender (quoted by Kagan, 1970) demonstrated that a 
child's performance on the Block Design, Picture Completion 1 and 
maze sub-tests of the WISC was related to his earlier social be-
haviour on four clusters:- physical contact with adults, seeking 
attention from adults, oral behaviour, and sustained involvement 
in a play sequence with objects. Children who sought physical 
contact and attention cid poorly on the performance tests, u;hile 
188 
the children who displayed sustained involvement with the toys did 
well on the performance tests. Children who sought physical contact 
were more likely to use relational (i.e. Level.I, associative) con-
cepts of a sorti~g test, whereas the subjects who became more in-. 
valved in play showed a preferred use of categoric3l (i.e. Level II, 
conceptual) concepts. In the present study the Block Design sub-test 
also reflects a pattern of the means for the total non-verbal scores; 
the fed group differed significantly from both the kwashiorkor group 
and the kw2shiorkor ·control group, c::nd the two control groups show-
ed an almost significant difference (Table 27). 
A report on a study of malnutrition and reasoning ability in 
Zambian school-children has just coma to hand (Fisher et al., 1972). 
The authors compared the performance of 74 children who had befm 
malnourished during the first 2. years of life with 143 control 




Although the authors do not provide any statistirial analysis~ 
their graphs show clear-cut differences between the two groups 
on both tests. It appears from the graphs that the differences 
only become apparent after the a~e of 12 - 13 years, a finding 
which probably can be explained by the ontogenetic developmental 
sequence of reasoning ability from concrete (Level I) to abstract 
(Level II), The results of this study on Zambian children to-
gather with the results of the present study on Cape Coloured 
children are in accordance with Witkop's (1967) expectation that 
the type of intellectual retardation found in m2lnourished chil-
dren may have specific identifiable features similar to the mental 
retardation resulting from. phenylketonuria and his ti.dinemia, and 
suggests a promising avenue for neL'J research as lllell ss re-analysis 
of previous findings. 
The analysis of the sub-test scores in the present study in 
terms of abstract versus associative functions helps to interprets 
the apparent inconsistencies in the sub-scale scores when it is 
recognised that abstract-conceptual functions contribute far more 
strongly to the so-called 1verbal 1 score than t~ the 'non-verbal' 
score. 
The lack of signific3nt differences between the four groups 
on mean Harris drawing score suggests that the differences between 
the four groups in intellectual functioning is a quanti b3tive rather 
than a qualitative one. Doth correlation drawing scores occurred 
between the fed control group and the other three groups, and this 
finding combined with the finding that in the fed control group the 
Harris score did not correlate at a significantly high level with 
FlO 
verbal and non-verbal intelligence scores suggests a possibility 
that this group could show a greater degree of emotional distur-
bance than the other three groups. However this. postulate is not 
borne out by the ratings of ~achover coriflict indicators, the 
means of which showed no significant differences for th~ four 
groups. These findings are contrary to those found in the previous 
study in which a significantly lower Harris score in the kwashior-
kor group was associated with a greDter degree of emotional int:er-
ference in cognitive functioning in the kwashiorkor group compared 
with its sibling control group. 
The findings on the Bender Gestalt and Harris Drawing Tests 
are i~ agreement with 06bbing 1s (1972, l972a) assertion that the 
effects of malnutrition during the vulnerable period of brain growth 
are qualitatively different from the results of tissue destruction 




The results of this study have extended from the results of the 
previous study on the effect of maJ.nutri tion on intelle.ctual devol-
opment in the Cape Coloured population. By combining these studies 
;:;rec;ter clarity of interpretation of the findings of both has been 
achieved. The results cian also be meaningfully related to work 
in othsr parts of the world dealing with the development of intel-
ligence and specifically with tho influence of nutritional and 
other enviro~mantal variables on intellectual devalopment. 
Tho results indicate that malnutrition h2Js a significant ../ 
detrimental effect on intellectual development. There appears to 
be a specifib effect on theemergence of higher order, abstract-
conceptuc;l learning and reasoning processes in contrast to lower 
order, associ~tive processes. It is possible that functional 
alterations in biochemical or enzymatic processes may provide the 
medi~ting link between the nutritional deprivation and the cogni-
tive deficit. Although the effect of early environ~enLal stimu-
lation on intellectual develop~ent cannot be excluded in this study, 
the results indicate that nutrition eer se has a significant effect 
on intellectual development. ~edical iupervision and social super-
vision however are also important factors, the effect of which was 
amplified by improved nutrition. It s~ems reasonable to conclude 
that adequate nutrition during the first two years of life enabled 
the children in this study to fulfil to a greater degree the func-
tional intellectual developmental level set by their genetic endow-
ment. Although the adverse effects of early nutritional deprivation 
tended to be at least partialJ.y compensated for in time, and school 
experience promoted some 'catch-up' in intell~ctual development, 
"'If',.., 
J. -" '-
the chronically malnourished children remained inferior to their 
fed siblings at the age of testing; this, in spite of the fact 
that subsequent poor nutrition ITJ s caused the fed children to lose 
their substantial ecrly gain i.n physical development. The intellec-
tual 1head-start 1 given them by adequate early nutrition has been 
maintained, even though they are at present no different physically 
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INDEX OF SIBSHIP 
Fam. i'Jo. 1<111ASH SIB SIB FED 
1 -9 -7 -1 +3 
2 -1 -3 +9 +11 
3 +4 +2 +16 +18 
4 -4 ! -6 +6 +8 
5 -4 ! -2 +2 +4 ! 
6 -6 i -4 +2 +4 
7 +1 ! +3 +5 +7 I. 
8 -3 -5 +1 +3 
9 -2 0 +4 +6 
10 -1 +1 +7 +9 
11 +3 +5 +9 +11 
12 +5 +7 +13 +15 
13 -3 -1 +9 
14 - -5 -7 +3 
TABLE 58 
INCOfilE 
("' JO Poye.£.~ Oa tum Line) 
Fam. No. 1959 1964 1969 
1 I 0 65 65 I 
2 
I 
49 26 54 
3 51 75 106 
4 I 40 35 110 
5 I 32 39 48 
6 ' I 101 0 55 
7 I 53 66 53 
8 I 144 52 57 
9 I 110 92 92 i 
10 I 47 54 139 \ 
11 I 82 69 79 I 12 I 33 49 71 l 
13 I 66 112 233 
14 98 83 57 
64.7 58.3 88.5 
E!\RL Y 
1 AGE i.JHT ' HT 
rnos 5; E:\1 % EN 
5 
s 37 73.5 82.8 




s l 15 76.3 
----~----~- -LLJ.Q._ f-;J 8 !.L 
88.7 
95.0 
3 K · 
5 
s 23 73.0 87.0 
r-·-------+-.~-ft-k2~3-+-..!..7 6~·w.5'-+_,S~·9..!.., b__2 -l 
4 K , I 
5 
6 







~ 19 57.9 79.2 ,. 
F 24 96.2 94.2 , 
~ I 
s 21 68.4 90.3 1 
~--~--------~~F-+-=1~2-4~8~5~.0~ 98.9 i 
I i 24 65.4- s5.5 .. , 7 




~ 25 so • 5 9 0 0 5 . 
F 29 I 91+. 8 I 91. 3 I 
9 
~ ! 
s 27 70.4 83.8 l 
~r71...,"9"-"--t----=B2 ...... 9 92.8 l 
; u---4~ 11' 16 82.6 89.41 
! F 27 78.2 91.0 ! 
t 11 K ~·~---t---+-----i,[ 
!
1
i SFS 116 74.4 85.9 l 
. zo 91.8 1 9o.s t 
;_! -----12_. -~-'-U. i; I 75 .o I 87.9 
I 
13 i I' 31 82.4 









































































'"l-IT JJ • ' HT 
c•f EN 




92.1' Si~. 3 
94.6 82.6 
93.7 79.2 










86. 7) 82.8 
65.21 79.5 
68.1! 83.6 
93 .o: 95.3 
73.4 ~ 87.5 
62. ·t! 80.2 
84.81 86.8 
93 .a ( 95.2 
;10.71 85.3 
·89.0 73 .o' 
72.0! 83.3 
1 84.2. 91.1 
95. 7j 93.0 
75 .o l 83.1 
81.8! 83.6 
89.6 ! 91.4 
63.5 ~ 84.6 
71.5 j :-)3 .2 
71.6 l 83.4 
83 7; 91.? 
77.1 ~ 83.3 
78.7 ~ 88.0 
83.3 I 89.2 
.7..::9.!1-~ .. I s 7 • ~ 
76.2 i 83.9 
79 .o t 85.1 
81.1 ! 80.5 
91.8;90.5 
63.4~74.5 
69.5 1 81.8 
79.7 ~ 86.4 
83.1 !87.4 
7~.6 ~ 8:.3 
82.4 J 89.2 
j 
27_, 114.3 i 92.9 
41 62.1 !.75.8 
41 97.8 98.4 
42 95.8 ·s8.5 
PRE.SEfH 
f.\GE UJHT HT 
r.ms 1% EN 1 [i'i 
187 85.1 1 092•:0 
172 63.2 I s3.7 
156 81.8 90.5 
115 66.6 81.8 ---192 93.6 92.. 0 
201 90.5 95.3 
136 88.2 95.7 
J6,Q__ 87.4 93.1 -
206 78.3 90.3 
162 80.0 92.2 
115 76.5 39.6 
.__J.JlL ?J,.7' 88.J._. 
224 5CJ.O 83.0 
172 4/-J. .1 77d 
120 61.3 82.3 
99 62.6 82.3 
189 87.7 96.5 
177 76.9 9~.9 
118 73.1 93.0 
102 78.9 94.8 -169 66.9 88.8 
170 65.7 88.2 
128 74.9 91..1 
117 89.2 9G.:?, 
170 81.4 92.9 
' 
I 
155 79.7 95.0 
129 ~ 81.8. 89.7 
.JP4 73.8 _SJO. 0 -·-! :1.88 81.1 9<L3 
I 211 75.9 88. l~ 132. 81.4 9].2 
108 90.7 q- ,. -~·L 
198 73.8 90.7 
172 i 88.3 92.5 
125 i 71.2 87.0 
r-l..Q.zj_ji4 • 5 9.~:.? 
188 l 61.6 82.4 
162 j 82.3 91.7 127 93.8 93.7 
103 ! 76.2 89.8 
~ ... 
I 184 80.1 93.3 162 80.4 98.2 
121 81.4 I 86.1 99 93.3 91.6 . 
185 69.4 87.7 
154 76.9 68.9 
119 73.2 86.2 
107. 66.8 82.0 
·--iss I 74.4 --89.2 
. 1:81 8~.6 -94.6 
102 I 81.7 :.:7 .Q . 
177 77.3 86.3 
153 94.0 98.5 
- - -
110 77.9 86.6 
t ! I 
TABLE 60 
I iliTELLIGEf·,JCE SCORES 
(NSAIS - rg) 
Fam. 
VERB~IL rg NOi\J-VERB!IL IQ FULL SCALE IQ No. 
~~ K 51< SF F K SK SF F ( K· SK SF F \ l i ' 1 58 61 71 93 I 55 69 81 92! c:52 61 73 92 
2 75 76 65 81 I 72 88 78 85! 71 80 68 81 ' . 3 89 72 71 91 65 71 B3 sal 76 68 74 88 i 
4 64 54 61 54 71 69 58 7lt 63 56 55 57 
5 72 74 . 51 68 76 65 80 n! 71 67 60 66 
6 52 82 57 86 '. 67. 76 81 94: 54 77 64 88 
7 75 75 67 85 64 76 80 8Bi 67 73 69 85 
8 .. 74 82 91 95 . 76 78 85 951 72 78 87 95 
9 91 82 72 82 80 80 87 95, 84 79 76 87 
10 llD 116 102 99 90 90 106 102 ' 102 105 104 101 
. 11 60 47 67 60 69 57 69 72 60 46 64 61 
12 71 79 74 82 71 74 78 83· 68 7t~ 73 81 
13 62 69 86 74 72 971 64 68 90 




NSAI5 SUB- TESTS 
I 
' 
; . • I < m _J I en 0 0. I I cc 0.: s . . w Q. 0 0 ::::> 
0:: u . 0:: w . . . >- U) Cl OJ 0 
co 0:: . I 0.: . ~ 0:: 
cc 9: ro 1- 0 1- u ~ E: 
.. 
lJ c.:.:; 0:: H 2 1- 0 U) 0:: 0 
0 0 w 0:: w cc _J .m 0 1-







f fed 1 10 9 12 9 7 11 8 7 10 1.7 i 
r 2 7 8 10 ' 7 6 6 10 9 7 1.6 
I 3 8 8 13 8 8 8 11 5 10 2.3 
4 2 5 6 4 2 5 6 4 9 I 2.2 5 4 8 10 6 1 7 6 6 5 2.5 
6 9 12 11 7 3 10 9 9 9 2.6 
I 7 7 7 11 9 7 10 9 I 
8 7 1.5 
l 8 11 11 10 9 7 9 11 8 9 1.ti 9 9 10 12 11 7 12 15 4 7 3.3 
I 10 10 9 13 12 7 ll 10' 8 13 2.1 
i 11 4' 5 9 4 1 9 6 4 6 2.5 
I 12 4 8 11 9 7 11 9 4 7 2.6 
l 13 9 9 11 8 5 10 13 9 7 2.3 
I 14 2 9 7 10 7 6 8 5 11 2.7 : 
Sib.F· 1 7 8 8 5 3 7 7 8 8 1.7 
j 2 3 5 10 6 .3 6 8 9 5 2.5 
l I 3 4 5 8 9 5 8 7 4 12 2.7 
l 4 4 6 6 5 3 6 4 3 4 1.2 5 2 7 2 3 2 7 10 4 8 . 2.9 
6 3 4 7 4 3 4 9 5 12 3.1 
7 4 7 9 4 4 8 10 5 6 2.3 
8 8 11 11 B. 7 9 7 5 11 2.1 
9 4 7 10 7 4 9 10 5. 9 2.4 
10. 9 10 12 14 8 10 11 10 13 1.9 
11 3 6 9 7 4 4 8 ~~ 7 2.2 
I 
12 3 6 11 8 5 7 8 6 7 2.2 
13 ·7 4 6 2 2 6 5 3 4 1.8 
I 14 - - - - - - - - - -
I 
I 
! . . 
i co 0::: 





I ! Kwash 1 6 4 ! 2 7 7 I l 3 8 7 
I 4 9 7 ! 
5 6 9 
l 6 5 5 
l 7 8 7 ! 8 8 7 
9 8 9 I 10 12 10 
11 3 ~~ l ' 12 8 6 
! 
I i 13:~. 3 6 
14 9 6 I - -
Sib .1< 1 4 7 
2 7 7 
3 7 4 
i 4 5 6 I l 5 13 4 
l 6 7 6 
! 7 7 8 
I .8 8 9 I 9 9 7 
1 
10 13 11 
11 4 2 
! 12 10 6 
! 13 - -I 
























































4 t 1 


































(f) 0 . ::,::: 0::: 




<1: ..-1 CD 
0. co cJ:: 
4 4 4 




5 7 6 
5 9 7 
3 5 6 
5 4 5 
8 6 7 
7 9 i 7 7 14 6 




6 5 8 
6 7 7 
I 
I 
4 5 l 6 6 9 13 
4 17 I 5 
3 7 I 4 1 7 6 
7 6 4 
6 6 7 
7 6 8 
8 7 6 
11 9 5 
5 5 3 
10 4 5 
- - -























! 7 I 
! 














































2 .• 3 
2 .3 
2 '7 •..J 
3 .4 







































79j I 82 
93 50 63 
~·~ I ~~ '1~~ 60 
I 58 n 
1117 il04 








i 81 57 ' 81 i 
l1oo ; 98 : 86 ; l 74 - ; 70 . 








.!:ill]RIS DRAUJTNG TEST 
I 
















82 73 j 
65 96 I 












85 51 t 




70 ! 76 
90 l 97 
St~ ; 76 
.:'19; 57 I 
65 j 69 
7o :1o1 
69 i 86 





Tota 1 ScorG! 
f 
















l ! 76 ! 74 i 73 




! 63 79 
'1116 1105 
83 1 93 
hoo 102 
! 83 l 54 
ho4 ~ 98 
f 84 -





























HARRIS DR.D,UJI fJG. 
TOTAL SCORES 
1968 1973 






2 73 78 -64 97 
3 82 82 I j 77 r 79 ll, ,, 4 66 78 63 '• 95 
5 so 78 I, 83 62 
6 f 
' ~ 7 I 
8 76 91 ·~ 117 104 
9 85 93 ' 83 93 ' 10 108 106 i 100 102 ; 
11 
12 82 78 104' 98 
13 







CONFLICI I i'-D I C;; TO.B.§. 
K s s F 
I 
.I 1 0 2 
I 
0 0 .,1 
2 1 1 I 0 l 0 
3 1 0 3 l 1 . 
4 1 1 1 
i 1 
5 1 1 0 1 
6 1 2 1 J. 
7 0 0 2 2 
8 0 0 1 2 
9 3 2 0 1 
10 0 0 0 0 
.11 1 0 2 1 
12 0 0 0 0 
13 1 1 1 




BE~DER GESTALT iEST 
RP.UI SCOFl ES 
KUJASH SIB SIB FED 
f~O. s s s s 
1 6 8 5 7 
2 11 ,2 4 9 
3 1 6 8 12 
4 6 0 13 16 
5 1 I 7 14 20 6 7 2 11 9 
7 4 I 6 9 9 8 0 0 1 1 
9 0 ! 1 8 ,-
I 
;:) 
i 10 0 2 1 11 
I 11 .1 6 8 18 
I 12 4 •2 3 3 I. II 
I 
' 13 I 1 4 5 














I ! H tn 
'SIBSHIP INDEX 
. s. IQ .29* 
ERBAL IQ .22 
ON-VERBAL IQ .37** 
BENDER GESTALT '-.20 














tn ~ . ):2:1 
J::r.< :> 
.96*** 




0' ~ ~ H 
H :::;:; 
H tn ~ ;?1 J::r~ 0 A 
~ 
):2:1 ~ tn 
::> ):2:1 ·H 
I ~ ~ z 
~ g ):2:1 JXl 
.88*** . 72*** 
.36** .38** .21 
.54** . 5o~..,~ .47** .50** 
.32* . 25 .37* .04 .18 
.33* . 27 .39** -.00 .16 
.19 .16 .18 .05 .14 
.00 -.00 .oo -.07 .04 
.35** .22 .55** -.22 --.03 
I ~ ~ I H ~ 1 ;;.:::; 
):2:1 f;r~ I ):2:1 ):2:1 H H tn tn 
·~ Q I 
ga ~ :><1 I H 
I 
r"l 
:t I f rt ~ § 
~ H H H H ::J:l ::J:l ::J:l 
0 0 0 
I 
0 Q 
H H H H 0 
~ g3 ~ ~ 0 J::r.< 
. 77*** 
.61** .52** 
.40** .50** .82*** 




"'" t .S. IQ -
I ERBAL IQ .96** 





~LT. SOC. INDEX .42 
!HARRIS DRAWING .43 
!BENDER GESTALT .54* 



















~ I E-1 0' I z H ILl ILl 
E-1 I (f.) 
!;] 0 I ~ H ii.l f I 
p., 
~ I 
ILl ~ I ~ 9'" ! 0 ! 0 z H i H 




.05 • 77** .39 
-.36 .66** .83** 
.54* -.13 -.23 
.47 .20 -.11 
.57* .11 .10 
r = 0.46, P = 0.10 
r = 0.53, P = 0.05* 




I ~ ILl 
~ H 0 I 0 H z z z ~ to::! ILl H I H E-1 (f.) I ::;: H A ILl I . ~ ' (f.) I I H ~ t) I ~ 
f p., 
I 
0 I 0 ! 0 I (f.) ! l 
~ ~ l 
(f.) 
I 
~ . H ~ 




.30 .05 .20 -
.27 .12 . 71*~': .55* -
J 
F.S. IQ ,I 
VERBAL IQ 





~T. SOC. INDEX•J 
HARRIS DRAWING . 









































p = 0.10 
P = (LOS* 





























MULT. SOC. INDE 
HARRIS DRAWING · 
























~I z ' 




• 24 • 21 
.09 .15 
• 23 .4 7 














r = 0.46, P = 0.10 
r = 0.53, P = 0.05* 




























·I IGHT-PRESENT j 
T. SOC. INDEXi 
RRIS DRAWING ! 
BENDER GESTALT I 










. 45 • 32 
• 34 .16 
. 39 .34 
.56* .49 
.79** .84** 






















r = 0.48, P = 0.10 
r = 0.55, P = 0.05* 

















I 0' 0' ! H t H . . I=Q 
t/) ~ . r.:r.:l 
li< :> 
.I 
I F. S. IQ : 
VERB. IQ I .97** 
NON-VERB.IQ .93** .81** 
·~ENDER I' • 53** • 54~* 
HARRIS 1 • 68** • 64x 
AGE TEST r.12 -.14 
DUR. FED I .18 .12 
!INCONE j.35 .31 
:AGE START j-. 28 -. 28 
AGE STOP ~.30 -. 32 
,AGE(T-S) I .42* .42* 
'FOOD IND. 1 • 36 · • 38 






PATT. COMP. I 
BLOCK DES. l 
ABSURD. ~ 























~ t/) r.:r.:l 
r.:r.:l H E-i 
l I 
@ ~ r.:r.:l r.:r.:l I 0 I=Q < ! 
.37 
.00 -.01 
.19 .52 .36 
.10 .16 -.44* 
.;....12 -.18 .94** 
-.13 .01 .90** 
.30 .;....07 .20 
.09 • 26 . -.76** 
-.36 -.23 .13 
. 27 .54**-.09 
.51** .52**-.05 
.33 .. 54~"*-.18 
.61** .55**-.21 
• 621~* .44* -.14 
.34 .30 -.30 
.32 .44* -.16 
• 23 .68** • 20 
.23 .35 .04 





I i A r.:r.:l 
Ji<. i ·~ . 
















FED GROUP AND FED CONTROL GROUP COMBINED 
(df 24) 











E-i E-i I H - . . ~ t/) t/) H 7" I=Q ~ I '-" < P-1 § I j r.:r.:l ILl l r.:r.:l 1 5 u l ::E! . 0 ~ ~~ 0 0 0 I=Q I < Ji<. > l. u > I 
.r = 0.33, 
r = 0.39, 




.18 • 23 .-. 23 -.26 
-.23 -.26 .38 .40* -.43* 
-.22 -.20 .34 .38 -.45* .77** 
-.30 -.27 .21 .38 -.60** .65** .48* 
-.29 -.39* .44* .27 -.50** .57** .56** .68** 
-.27 -.27 .30 • 27 -.54** .59** .54** .61** 
.• 60**- .45* .36 .42* -.26 . 70** .62** .63** 
• 46* ·-.18 .06 • 24 .17 .52** .45* .41* 
.38 .11 .22 .18 -.16 .59** .44* .47* 
.S0**-.13 .36 -.05 -.02 .31 .26 .16 
I 
I 







§ u A . . 
~ I . I ~ § I=Q lil 
E-i 0 ' E-i J u ::::> l .. I H ::E! E-i I o t/) I ~ I ·~ ~ I < ~ I=Q 1 P-1 j >A < Ji<. 
p = 0.10. 
p = 0.05* 
p = 0.01** 
.82** 
.60** .54** 
.46* .51** .49* 
.38 . • 27 .26 .32 































lpA"'T r.oMn . ! ii..l • u J.. • 
iBLOCK DES. I 
!ABSURD. 








































ILl I p:t 7' ILl 
I 
@ z 





. 29 • 22 
.36 .10 
.07 -.30 











TABLE 72: CORRELATION COEFFICIENTS 
I H A 
I 
C/) .ILl 
C/) ILl r;.. 
H H I 
~ ' 
. 
ILl I ~ 
J 
0 ~ 
<I! I A 
-
.66** -


















I 0 <I! 
.02 -.41 -.32 
.60* .74** .80**-.27 
.68** .89** .98**-.32 . 91** 
-.33 -.17 -.51 .04 -.66**-.59* 
.66** .32 .15 . 23 .12 .15 
.74** .58* .54* -.06 .23 .46 
.40 :u .02 .19 -.00 -.00 
.45 . 24 .29 .10 -.19 .13 
.39 .29 .31 .03 -.08 .18 
• 24 -.oo -.09 .26 -.09 -.08 
.45 ~15 . 25 .43 .04 ' .19 
.75** .51 .46 .15 .51 .so 





H p:j .._, <I! 
ILl u 











I l l I I 
•· l z P-! . ! 
' 0 ~ 
C/) i 
~I I C/) l ILl l <I! i u A . . ~ I . >: § ~ ' p:: ~ . ~ I I 
. I P-! E-l 
~ 
E-l u ~ I 
~~ ~ . H E 0 I C/) I 0 p:j ~ ~ 1 p:j I u !>- ' <I! t r;.. I . r 
r = 0.46, p = 0.10 I 
r = 0.53, p = 0.05* 




.39 • 50 .83** 
.42 .75** .57* .37 
.55* .56* .62* .61* .51 
.so .32 • 20 .15 .13 • 24 







0' I j::z::j ~ H . ::r [il P'l I @ C/J ~ I :z; . J:il 
J 
0 j::z::j 
~'«. :> :z; P'l 
I :F. S. IQ 
[VERB. IQ .95** 
:NON-VERB. IQ • 88:~* .68* -
' \BEI';"DER .79** .85** .55 
,BARRIS .56 .49 .53 .62* 
'AGE TEST .18 .16 .16 .09 
;DUR. FED .0 -.0 • 20 .17 
!INCOME .31 .35 • 20 .01 
:AGE START .14 .16 .07 -.02 
;AGE STOP -.32 -.33 -.27 -. 24 . 
AGE (T-S) .76** .74** .64* .49 
.VOCAB. .63* 
:coHPR. • 64* 
.VB.REASON • 72** 
:ARITH. .74** 
:l'JEHORY .84** 
\PATT. COMP. .52* 
iBLOCK DES. .12 
!ABSURD. .56 
~FRH. BRD. .35 
TABLE 73: CORRELATION COEFFICIENTS 
E-t t=l 
C/J j::z::j 









.16 -.02 -.51 
-.08 • 94** .15 
-.05 • 77** .61* 
.15 .22 -.38 
.17 .46 -.12 
.13 .29 -.24 
.59* . 20 125 
.60* -.14 -.12 
.45 -.06 -.08 
.19 .03 -.13 
.32 -.04 .18 
.57 .51 .54 
.38 -.00 -.oo 
FED CONTROL GROUP 
(df 10} 
I 
l E-t ,..... ea l=l-t C/J 
I 
0 I 
IXl H I 
E-t b ::<:: C/) C/J 
0 
l u j::z::j j::z::j IXl :z; ~ i 0 ~ H < 
.04 
-.24 .65* 
.33 .34 -.45 
.22 .51 -.11 .82** 
.33 .33 -.19 . 70** 
.31 .12 -.03 .33 
.32 -.11 -.57 .68* 
.25 -.08 -.47 • 63* 
.53 -.02 -.35 .58* 
.13 -.13 -.25 .31 
-.08 .48 .20 .50 














z . . 
0 l=l-t C/J . 
C/J ;:.::. IXl § < 0 
I 
A . . 
~ 
. 








E-t 0 C/J li P'l -~ ~ s ~ u :> < < ~ 
r = 0.51, p = 0.10 
r = 0.58, p = 0.05* 




.68* .72** .86** 
.72**.40 .56 • 72** 
.17 .14 .19 .20 .32 
.31 .54 .• 49 .38 .32 - .37 
.30 .22 .54 .60* .37 .40 .18 
TABLE 74: CORRELATION COEFFICIENTS 
f·s IQ (FED-SIBF) 
VERB. IQ (FED-SIBF) 
NON-VER. IQ (FED-SIBF) 





















DIFFERENCES BETWEEN FED AND FED CONTROL GROUP 








P=l I P=l - H H I .......... ~ I Cl.l l Cl.l I ~ I I P=l I I I 










.25 .14 .33 -
-.13 -.01 -.29 .22 -
.28 .44 -.26 .05 -.05 ·-
.08 .25 -.32 -.29 -.19 .65* -
.55 .51 .28 .15 -.38 .22 .09 -
.25 .14 .34 l.o~~* . 23 .05 -.29 .15 -
.68* .53 .60* .65*-.10 .45 .01 .61* .65* 
-.43 ~.36 -.38 .34 .38 -.49 -.43 -.38 .34 -.45 
r = 0.51, p=O.lO 
r = 0.58, p=0.05* 
















































H H 0' 
~ ~ H 








.51 .29 .70** 
.57* .64** .94** 
* p ~ 0.05 







~ I I ~ 0' 
r.x:l H ! 









I ~ l i 
~ 0' i ~ H 
::r I I 
I 
. I 
z Cf.) \ 




nlODIFICATIOfiJ OF I<OPPITZ SCORI:'~G 
ON BENbER GESTALT TEST 
TABLE X 
EXTRAPOLATED f'iT~ .'\NO. SH\I~DARQ, DEVLHLONS 
For Koppitz Scores on Bender Gestalt Test. 





. 1.6 2.0 
1.4 1.9 
~.2 1.8 


















(2. SD 4rz~~5 \ l,ll.hS 'tAATIN ~ 1\\&:..W,op 
U~E.[) __ io \)E.E.WE t $C.or-E.$ 
u )}; FCZ.o!V\ \<orr-rr:a:.. ~Wll)AQJ>ISAfiON 
~ * 0F me. B~~.!> EJt C\r.6rAq:_~. '4~w.s i?.t:J!t"JU->!11;1~ :> j.\;\I..C ~. 
) to ~Zo I;:! df 
~~ .,..... 
9 E 20 
~ 












0 L __ ! I .,.,_ 
.. 
!j ' 7 ~ 9 19 . 1..() 21 
